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HEATING METHOD FOR TISSUE CONTRACTION

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to medical
devices, methods, software, and systems. More specifically,
the present invention provides techniques for selectively
heating and shrinking tissues, particularly for the noninva-
sive treatment of urinary incontinence, hernias, cosmetic
surgery, and the like.

[0002] Urinary incontinence arises in both women and
men with varying degrees of severity, and from different
causes. In men, the condition occurs almost exclusively as a
result of prostatectomies which result in mechanical damage
to the sphincter. In women, the condition typically arises
after pregnancy where musculoskeletal damage has
occurred as a result of inelastic stretching of the structures
which support the genitourinary tract. Specifically, preg-
nancy can result in inelastic stretching of the pelvic floor, the
external sphincter, and most often, to the tissue structures
which support the bladder and bladder neck region. In each
of these cases, urinary leakage typically occurs when a
patient’s intra-abdominal pressure increases as a result of
stress, e.g. coughing, sneezing, laughing, exercise, or the
like.

[0003] Treatment of urinary incontinence can take a vari-
ety of forms. Most simply, the patient can wear absorptive
devices or clothing, which is often sufficient for minor
leakage events. Alternatively or additionally, patients may
undertake exercises intended to strengthen the muscles in
the pelvic region, or may attempt behavior modification
intended to reduce the incidence of urinary leakage.

[0004] In cases where such non-interventional approaches
are inadequate or unacceptable, the patient may undergo
surgery to correct the problem. A variety of procedures have
been developed to correct urinary incontinence in women.
Several of these procedures are specifically intended to
support the bladder neck region. For example, sutures,
straps, or other artificial structures are often looped around
the bladder neck and affixed to the pelvis, the endopelvic
fascia, the ligaments which support the bladder, or the like.
Other procedures involve surgical injections of bulking
agents, inflatable balloons, or other elements to mechani-
cally support the bladder neck.

[0005] Each of these procedures has associated shortcom-
ings. Surgical operations which involve suturing of the
tissue structures supporting the urethra or bladder neck
region require great skill and care to achieve the proper level
of artificial support. In other words, it is necessary to occlude
or support the tissues sufficiently to inhibit urinary leakage,
but not so much that intentional voiding is made difficult or
impossible. Balloons and other bulking agents which have
been inserted can migrate or be absorbed by the body. The
presence of such inserts can also be a source of urinary tract
infections. Therefore, it would be desirable to provide an
improved therapy for urinary incontinence.

[0006] A wvariety of other problems can arise when the
support tissues of the body have excessive length. Excessive
length of the pelvic support tissues (particularly the liga-
ments and fascia of the pelvic area) can lead to a variety of
ailments including, for example, cystocele, in which a
portion of the bladder protrudes into the vagina. Excessive
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length of the tissues supporting the breast may cause the
breasts to sag. Many hernias are the result of a strained, torn,
and/or distended containing tissue, which allows some other
tissue or organ to protrude beyond its contained position.
Cosmetic surgeries are also often performed to decrease the
length of support tissues. For example, abdominoplasty
(often called a “tummy tuck”) is often performed to decrease
the circumference of the abdominal wall. The distortion of
these support tissues may be due to strain, advanced age,
congenital predisposition, or the like.

[0007] Unfortunately, many support tissues are difficult to
access, and their tough, fibrous nature can complicate their
repair. As a result, the therapies now used to improve or
enhance the support provided by the ligaments and fascia of
the body often involve quite invasive surgical procedures.

[0008] For these reasons, it would be desirable to provide
improved devices, methods, and systems for treating fascia,
tendons, and the other support tissues of the body. It would
be particularly desirable to provide improved noninvasive or
minimally invasive therapies for these support tissues, espe-
cially for the treatment of urinary incontinence in men and
women. It would further be desirable to provide treatment
methods which made use of the existing support structures
of the body, rather than depending on the specific length of
an artificial support structure.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides systems, methods,
device, and software for controlling the delivery of a thera-
peutic energy that can heat and strengthen a collagenous
support structure tissue within a pelvic support system of a
patient body.

[0010] The present invention provides methods, systems,
and computer implemented algorithms that dynamically
adjust power delivery so that a target tissue temperature is
reached in substantially a desired time. The present inven-
tion also provides methods, systems, and computer imple-
mented algorithms that incorporate a dwell time during heat
treatment to increase the amount of support tissue that is
held above a target temperature for a desired time.

[0011] In one particular aspect, the present invention pro-
vides a method of heating a support structure tissue of a
pelvic support system. The method may comprise delivering
energy to the structural support tissue to heat the support
structure tissue. A treatment time of reaching the target
temperature may be estimated and compared with desired
treatment time(s). A power level of the delivered energy may
be adjusted if the estimated treatment time is not coincident
with the desired treatment time(s).

[0012] The estimated treatment time may be calculated by
monitoring the effect of the delivery of energy on the
structural support tissue. In particular, estimating the treat-
ment time may comprise measuring an elapsed time of
delivery of the energy to the structural support tissue and
measuring a temperature of the tissue and a temperature rate
of

[0013] change of the structural support tissue. The elapsed
time of delivery of the energy, measured temperature of the
target zone, and temperature rate of change at the structural
support tissue are then used to calculate the estimated
treatment time.
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[0014] The estimation of the treatment time may be per-
formed at predetermined intervals during the delivery of
energy so as to allow for multiple estimated treatment times
and multiple power level adjustments during the delivery of
energy to the structural support tissue. For example, in one
embodiment, the estimation of the treatment time (e.g.,
measuring the elapsed time, temperature of the structural
support tissue, and the temperature rate of change) may be
repeated every six seconds and the adjustment of delivery of
energy (if needed) may be carried out after each estimation
of treatment time.

[0015] Preferably, the measurement of the temperature
and the temperature rate of change at the structural support
tissue is commenced only after a predetermined amount of
time after beginning of the delivery of energy. Applicants
have found that after the predetermined amount has elapsed
that an initial heating spike is finished and a rate of heating
is declining. In some embodiments, the predetermined
amount of time is between approximately 40 seconds and 45
seconds, and preferably about 42 seconds after the com-
mencement of the heat treatment. As can be appreciated,
however, the predetermined amount of time will vary
depending on the tissue being treated, the power level of the
energy being delivered, the configuration of the electrodes
on the applicator, and the like. Consequently, estimating the
treatment time may be carried out at any desired time after
the commencement of the delivery of energy.

[0016] To reduce the effect of rapid instantaneous tem-
perature oscillations or rapid instantaneous temperature
changes, for the calculations of the present invention the
temperature and temperature rate of change may be a
smoothed, running average of the temperature and tempera-
ture rate of change over the predetermined interval (e.g., six
seconds).

[0017] During adjustments of the power level, the power
level may be adjusted to any different level, but is typically
adjusted =1 Watts or less, +2 Watts or less, or +5 Watts or
less from its previous power level. The power may be
adjusted by a preset stepwise adjustments or the power may
be adjusted to any other power level selected by the software
that is run by the controller, if desired. For example, the
adjusted power level may be based on the difference
between the estimated treatment time and the desired treat-
ment time(s). If there is an overly excessive difference
between the estimated treatment time and the desired treat-
ment time, the power adjustment may be large (c.g., =2
Watts). However, if there is only a small difference between
the estimated treatment time and the desired treatment
time(s), then the power adjustment may be a smaller amount
(e.g., ' Watt).

[0018] If the estimated treatment time is less than the
desired treatment time(s) (e.g., treatment is too fast), then
the power level is adjusted to a lower level than the original
power level. In contrast, if the estimated treatment time is
longer than the desired treatment time(s) (e.g., treatment is
too slow), then the power level is adjusted to a higher level
than the original power level.

[0019] The target treatment temperatures of the present
invention should be sufficient to cause tissue strengthening,
tightening, and/or contraction of the target tissue. The target
temperature may be anywhere between approximately 60°
C. and approximately 80° C., and preferably between
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approximately 65° C. and 75° C., and more preferably
between approximately 69° C. and 71° C. The desired
treatment time(s) will vary depending on the tissue being
treated, power level, whether or not cooling is occurring, and
the like. In one embodiment, the desired treatment time is
between 175 seconds and 185 seconds. While a range is
preferred, it may be possible to have the desired treatment
time be an exact time, e.g., 175 seconds.

[0020] In another aspect, the present invention provides a
system for delivering energy to a collagenous structural
support tissue of a pelvic support system. The system
includes a memory coupled to a processor. The memory can
be configured to store a plurality of code modules for
execution by the processor. The plurality of code modules
include inter alia a code module for delivering energy to the
tissue; a code module for estimating a treatment time of
reaching a target temperature; a code module for comparing
the estimated treatment time with desired treatment time(s);
and a code module for adjusting the delivery of the energy
to an adjusted power level if the estimated treatment time is
not coincident with the desired treatment time(s).

[0021] The module for estimating the treatment time may
include a module that measure an elapsed time of delivering
energy to the structural support tissue; a module for mea-
suring a temperature and a temperature rate of change; and
a module for using the measured elapsed time, measured
temperature and temperature rate of change to calculate the
estimated treatment time.

[0022] The system may include a power supply coupled to
the processor, such as a Radiofrequency (RF) power supply.
An applicator may be coupled to the power supply for
delivering the RF energy to the support structure tissue.
Some applicators and system that may be used to deliver the
RF energy are described in co-pending U.S. patent applica-
tion Ser. No. 09/229,508, filed Jan. 12, 1999, U.S. patent
application Ser. No. 60/440,711, filed Jan. 16, 2003, U.S.
patent application Ser. No. 10/102,596, filed Mar. 19, 2002,
and U.S. patent application Ser. No. 10/759732, filed Jan.
15, 2004 (entitled “Non-Surgical Incontinence Treatment
System and Method”) the full disclosures of which is
incorporated herein by reference.

[0023] The code module for estimating the treatment time
of reaching the target temperature may comprise a code
module for measuring an elapsed time of delivering energy
to the structural support tissue, a code module for measuring
a temperature and a temperature rate of change at the
structural support tissue, and a code module for using the
measured elapsed time, measured temperature and tempera-
ture rate of change to calculate an estimated treatment time.

[0024] 1In a further aspect, the present invention provides
a method of therapeutically heating a collagenous structural
support tissue of a pelvic support system. The method
comprises delivering energy to raise a temperature of the
structural support tissue to a target temperature. A power
level of the energy is dynamically adjusted after the struc-
tural support tissue has substantially reached a first target
temperature so as to allow the structural support tissue to
dwell at substantially a second target temperature for a
desired amount of dwell time.

[0025] The first and second target temperature may be the
same temperature or different temperatures. The first and
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second target temperatures are typically between approxi-
mately 70° C. and approximately 75° C. The desired dwell
time is typically at least 30 seconds, and preferably between
approximately 30 seconds and approximately 45 seconds.
As can be appreciated, a variety of different dwell time may
be used with the methods of the present invention, and the
invention is not limited to the specific dwell periods recited
herein.

[0026] The energy level may be optionally be adjusted one
or more times during the dwell time to maintain the tissue at
substantially the target temperature. In one embodiment, the
temperature may be continuously measured. If the average
measured temperature of the support tissue is not within an
acceptable range from the target temperature, the power
level may be adjusted at selected intervals during the dwell
time.

[0027] Adjustment of the delivery of energy typically
comprises lowering the power level. In other embodiments,
however, adjusting the energy may comprise raising the
power level. The power level may be raised or lowered to
any desired level, but is typically adjusted less than approxi-
mately 2 W per adjustment. Moreover, there is typically an
overall wattage level limit so as to reduce the possibility of
damage to the tissue.

[0028] In another aspect of the present invention, a system
is disclosed for delivering energy to a structural support
tissue of a pelvic support system. The system comprises a
memory coupled to a processor. The memory is configured
to store a plurality of code modules for execution by the
processor. The plurality of code modules comprise a code
module for delivering energy to raise a temperature of the
structural support tissue to a first target temperature and a
code module for dynamically adjusting a power level of the
energy after the structural support tissue has substantially
reached the first target temperature so as to allow the
structural support tissue to dwell at substantially a second
target temperature for a desired amount of dwell time. The
first and second target temperatures may be the same tem-
perature or a different temperature.

[0029] The system may include a power supply that is
coupled to the processor, such as a Radiofrequency power
supply. An applicator is coupleable to the power supply so
as to deliver the energy to the target tissue. The applicator
may be sized and configured to laparoscopically or trans-
vaginally access the support structure tissue.

[0030] In yet another aspect, the present invention pro-
vides a method of treating a tissue of structural support
tissue of a pelvic support system. The method comprises
delivering energy to the structural support tissue at a first
power level. A treatment time of reaching a first target
temperature is estimated and the estimated treatment time is
compared with desired treatment time(s). The delivery of the
energy is adjusted to an adjusted power level if the estimated
treatment time is not coincident with the desired treatment
time(s) such that the adjusted delivery of energy is sufficient
to cause the target first temperature to be reached in sub-
stantially the desired treatment time(s). After the structural
support tissue has substantially reached the first target tem-
perature, a power level of the energy is dynamically adjusted
to a modified power level so as to allow the structural
support tissue to dwell at substantially a second target
temperature for a desired amount of dwell time. Similar to
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the other embodiments, the first target temperature and the
second target temperature may be the same or different
temperature.

[0031] The above aspects and other aspects of the present
invention may be more fully understood from the following
detailed description, taken together with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG.1is a simplified system that includes a control
unit and a non-cooled multi-electrode applicator which
incorporates the principles of the present invention.

[0033] FIG. 2 is a block diagram of a control unit incor-
porating the principles of the present invention.

[0034] FIG. 2A illustrate code modules that may be
incorporated into a memory of the present invention.

[0035] FIG. 3 is a perspective view a cooled surface
applicator incorporating further principles of the present
invention.

[0036] FIG. 3A shows a cooled surface applicator with
three active electrodes and insulators between the elec-
trodes.

[0037] FIGS. 3B to 3E illustrate some needle electrodes
and blade electrode assemblies that are encompassed by the
present invention.

[0038] FIG. 4 schematically illustrates the positioning of
an electrode of the applicator of FIG. 2 relative to patient
tissue T.

[0039] FIG. 5 is a flow diagram illustrating one embodi-
ment of a process through which principles of the present
invention are employed in the heating process.

[0040] FIG. 6 is a flow diagram illustrating in further
detail one embodiment of a heat treatment 150 of the flow
diagram of FIG. 5.

[0041] FIG. 6A illustrates four time parameters that are
used to adjust the power level during heat treatment 150.

[0042] FIG. 7 shows an alternative embodiment of a heat
treatment 150 of the flow diagram of FIG. 5.

[0043] FIG. 8 shows another alternative embodiment of
the heat treatment 150 of the flow diagram of FIG. 3.

[0044] FIG. 9 illustrates a graph which compares tissue
volumes that are above 70° C. for 30 seconds which are
produced by various heating schemes.

[0045] FIG. 10 is a graph which illustrates a power level
during heating and a power level during dwell for the
non-invasive cooled electrode device.

[0046] FIG. 11 illustrates a single power drop to maintain
the target support tissue at substantially the target tempera-
ture for the multi-electrode applicator.

DETAILED DESCRIPTION OF THE
INVENTION

[0047] The present invention provides methods, devices,
systems, and software algorithms for controlling delivery of
energy to body’s support tissue to enhance the structural
support provided by the body’s support tissues. The present
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invention may be directed to inducing controlled stiffening,
contraction, or shrinkage of the structural support tissue of
the body, typically being a collagenous tissue such as fascia,
ligament, or the like.

[0048] For example, in one specific use, the present inven-
tion is for treatment of urinary incontinence. The structural
support tissue will be part of a pelvic support system that is
responsible in some manner for control of urination, or for
supporting such a tissue. The tissues of the pelvic support
system generally maintain the position of the genitourinary
tract, and particularly the position of urinary bladder, ure-
thra, and the bladder neck coupling these structures. In
general, endopelvic fascia may define a hammock-like struc-
ture which extends laterally between the left and right arcus
tendineus fasciae pelvis (ATFP). These tendon structures
may extend substantially between the anterior and posterior
portions of the pelvis, so that the endopelvic fascia EF at
least partially defines the pelvic floor.

[0049] The fascial tissue of the pelvic support system may
comprise tissues referred to under different names by sur-
geons of different disciplines, and possibly even by different
practitioners within a specialty. In fact, some surgeons may
assign a collagenous support structure of the endopelvic
fascia one name when viewed from a superior approach, and
a different name when viewed from an inferior approach.
Some of the endopelvic fascia may comprise two collag-
enous layers with a thin muscular layer therebetween, or
may comprise a single collagenous layer. The hammock-like
endopelvic fascia described herein may be damaged or
missing, particularly after pregnancy, so that the support of
the genitourinary tract is instead provided by a variety of
fascial layers, muscular tissues, ligaments, and/or tendons
within the pelvis. Hence, the treatment of the present inven-
tion may be directed at a variety of tissue structures defining
the pelvic floor and/or diaphragm (including: anterior sacro-
coccygeal ligament; arcus tendineus fasciae pelvis ATFP, the
white line of the pelvis; fasciae of the obturator intemus
muscle; the arcus tendineus levator ani or “picket fence” to
the iliococcygeus portion of the levator ani muscle; bulb-
ocavemosus muscle; ischiocavemosus muscle; urethrovagi-
nal sphincter; m. compressor urethrae muscle; and m.
sphincter urethrovaginal muscle which replaces deep
perineal muscle); structures of the bladder and urethra
(including: urethrovesical fascia; detrusor muscle; and the
pubo-coceygeus muscle which relaxes to open the bladder
neck, initiating micturation); structures of the vagina
(including: vagino-uterine fascia, lamina propria—the dense
connective tissue layer just under the epithelium; pubo-
urethral or puboprostatic ligaments; pubo-vesicle ligament
and posterior pubo-urethral or puboprostatic ligament; pub-
ovesicle muscle, a smooth muscle that is integrated with the
pubovesicle ligament, and pubocervical fascia which
attaches to the ATFP); structures of the uterus (including:
round ligament; sacrouterine ligament; and broad ligament);
and structures of the bowel (including: rectal fascia and
mackenrodt’s ligament).

[0050] When the endopelvic fascia has excessive length or
stretches excessively under a load, the fluid pressure within
the bladder advances into the bladder neck and down the
urethra more readily. Leakage may result in part because the
endopelvic fascia allows the bladder, bladder neck, and/or
urethra to drop below its desired position, at which fluid
pressure within the bladder may actually help to seal the
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bladder neck. Stretching of the endopelvic fascia may also
alter the timing of pressure pulse transmission to the urethra.

[0051] When a continent woman coughs, the pressure in
the urethra will often increase more than one-tenth of a
second prior to the increase in bladder pressure. In women
with stress incontinence, the bladder pressure may rise first.
For a continent woman having endopelvic fascia which
stretches much less under the influence of a pressure pulse,
the time delay between initiation of the pressure pulse and
transferring sufficient force to urethra U to effect closure
may therefore be significantly less. By treating the endopel-
vic fascia to decrease its length and/or increase its stiffness,
the descent time of the pelvic viscera during a cough will be
shorter than an untreated, excessively long and/or exces-
sively elastic tissue.

[0052] The support tissue may be treated non-surgically or
it may be accessed for direct treatment in a variety of ways.
When using a multi-electrode applicator, for example, the
surface of the endopelvic fascia (or other tissue) may be
accessed transvaginally by forming and displacing a flap
from the vaginal wall with the assistance of a weighted
speculum. Alternatively, the endopelvic fascia may be
accessed laparoscopically. When using the non-invasive
cooled electrode applicator, the tissue may be accessed
directly by placing the applicator on the anterior vaginal
wall.

[0053] Tissue contraction or stiffening results from con-
trolled heating of the tissue by affecting the collagen mol-
ecules of the tissue. Contraction occurs as a result of
heat-induced uncoiling and repositioning of the collagen
B-pleated structure. By maintaining the times and tempera-
tures set forth below, significant tissue contraction can be
achieved without substantial collateral tissue necrosis. Stiff-
ening results from the loss of elasticity of the tissue due to
the formation of scar tissue and/or attachment of adjacent
support tissues to each other as a result of controlled heating
of the tissue.

[0054] The temperature of the target tissue structure will
generally be raised to a value in the range from about 60° C.
to 110° C., often being in the range from about 60° C. to 80°
C., preferably in the range from about 65° C. to 75° C., and
more preferably from about 69° C. to 75° C. Such heating
will generally effect a shrinkage of the target tissue in at least
one dimension of between about 15 percent and 50 percent,
and preferably at least about 40 percent. Alternatively, the
temperature of the target tissue structure will generally be
raised to value in the range of 45° C. to 60° C. and will
generally effect stiffening of the target tissue. The rise in
temperature may be quite fast, although there will often be
advantages in heating tissues more slowly, as this will allow
sufficient heat to be removed from tissues which are not
targeted for therapy, thereby minimizing collateral damage.
However, if too little heating energy is absorbed by the
tissue, blood perfusion will transfer the heat away from the
targeted tissue, so that the temperature will not rise suffi-
ciently to effect therapy.

[0055] The total amount of energy delivered will depend
in part on which tissue structure is being treated, how much
tissue is disposed between the target tissue and the heating
clement, whether or not the electrodes are cooled, and the
specific temperature and time selected for the protocol. The
power delivered will often be in the range from about 2 W
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to about 100 W, usually being about 2 W to about 50 W, and
preferably between about 12 W and 40 W. For example, in
one embodiment using a non-cooled multi-electrode appli-
cator, the power is delivered in a range of about 12 W to
about 15 W. During dwell (described below), the power may
be varied between 5 W and 7 W. In another example, using
the non-invasive, cooled electrode applicator, the power
may initially be delivered in a range of about 20 W5 W for
a first time period, and thereafter delivered in a range of
about 30 W to about 40 W for a second time period. In a
typical case the power is decreased or increased by 1 W to
3 W during the second time period. During dwell (e.g., a
third time period), the power may be varied by 0 W to 10
W from the original power level. As can be appreciated, the
power levels used in the present invention will vary depend-
ing on the electrode size, whether or not cooling is used,
electrode spacing, as well as the ability of the tissue to accept
power. For example, a cooled electrode applicator can
deliver a much higher RF power level than a non-cooled
electrode applicator since the tissue heating effect is the net
of the heating and cooling process.

[0056] The temperature of the target zone will usually not
drop instantaneously when the heating energy stops, so that
the tissue may remain at or near the therapy temperature for
a time from about 10 seconds to about 2 minutes, and
typically about 15 seconds, and will often cool gradually
back to body temperature.

[0057] While the remaining description is generally
directed to a system for treatment of urinary stress inconti-
nence of a female patient, it will be appreciated that the
present invention will find many other applications for
selectively directing therapeutic heating energy into the
tissues of a patient body. For example, treatment of other
conditions may be effected by selective ablation, shrinking
or stiffening of a wide variety of other tissues, including (but
not limited to) the diaphragm, esophagus, the nasal concha,
the abdominal wall, the breast supporting ligaments, the
fascia and ligaments of the joints, the collagenous tissues of
the skin, tumors, and the like.

[0058] FIG. 1 illustrates a simplified system 10 that incor-
porates the principles of the present invention. System 10
generally includes a control unit 20 that controls a delivery
of energy to electrodes 12 on an applicator 22. Control unit
20 includes input device(s) 24, output device(s) 26, and a
display device 28. Applicator 22 is attached to an output 29
of control unit 20 via a coupler 30 that may contain one or
more couplings. Applicator 22 may include one or more
input devices 49 (FIG. 2), such as a trigger or foot pedal, for
activating the delivery of energy. A distal end of applicator
22 may be shaped to laparoscopically or transvaginally
access the support structure tissue,

[0059] FIG. 2 is a block diagram of control unit 20. In
preferred embodiments, control unit may be of a size and
shape that allows the control unit 20 to be mounted on a
standard hospital IV pole. Control unit 20 includes a pro-
cessor 32 that controls the functionality of control unit 20.
Processor 32 has associated therewith a memory 34 adapted
to store software code instructions to operate the assemblies
in control unit 20 so as to carry out the methods of the
present invention. Input devices 24, such as one or more
buttons, are coupled to processor 32 to allow a user to input
data and instructions into control unit 20. One or more
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output devices 26, such as a speaker, are coupled to proces-
sor 32 to allow audible tones to be output to the user during
the procedure to provide treatment information to the user.
A display 28 cooperates with processor 32 to provide visual
status and error messages pertaining to each step of the
process carried out by the present invention.

[0060] Control unit 20 includes a switch 36 that serves to
activate and deactivate transmission of energy from a power
source 38, such as a radiofrequency (RF) power source, to
electrodes on applicator 22. Switch 36 may be activated with
activation and deactivation of the input device 49 on appli-
cator 22, or the like.

[0061] In some embodiments, applicator 22 may also
include one or more temperature sensors, such as ther-
mistors or thermocouples, to monitor a treatment tissue
temperature. In such embodiments, control unit 20 includes
a temperature input assembly 40 for receiving and analyzing
the temperature data signals. Optionally, one or more of the
temperature sensors may be mounted on a deployable needle
assembly for deployment into the target support tissue. In
such embodiments, the control of the needle will be con-
trolled by a temperature needle position assembly 42.

[0062] A cooling assembly 44 may optionally be coupled
to processor 32 and applicator 22 and will be configured to
pre-cool the tissue contacted by applicator and/or cool the
tissue during the delivery of the energy. A more complete
description of some examples of cooling assembly 44 are
described in commonly owned U.S. Pat. Nos. 6,091,995 and
6,480,746, the complete disclosures of which are incorpo-
rated herein by reference. As can be appreciated, cooling
assembly 44 is optional and not all applicators of the present
invention include cooling assembly 44.

[0063] One useful embodiment of the control unit will
now be described. Processor 32 may identify and display
appropriate error messages pertaining to the following con-
ditions: cooling assembly does not reach appropriate tem-
perature in prescribed time, coolant flow rate out of range,
coolant conductivity out of range, errors encountered during
the diagnostic system tests, and the like. Some embodiments
of processor 32 allow the user to set date and time, audio
tone level, language selection for display on display device
28, power levels, desired temperature goals, desired time
ranges, and the like. Processor 32 generates audio tones to
prompt the user for actions and to indicate error and out of
range conditions. A continuous or intermittent audio tone
may be emitted by a speaker 26 associated with processor 32
at asteady rate when RF energy is applied. Processor 32 may
generate a welcome screen showing a logo or other graphics
desired by user of system 10. Processor 32 may display
recoverable error condition messages and prompts the user
to correct the cause. Unrecoverable error messages may be
displayed on display device 28 and give appropriate error
information.

[0064] Control unit 20 may be configured to complete a
self-test each time the power is turned on. Control unit 20
allows processor 32 to complete its internal tests and display
error messages accordingly. A fault in the RF output test can
be diagnosed and displayed as an error condition. Processor
32 may be programmed to provide a clock signal for
hardware detection of software operation. Processor 32
performs tests of internal subsystems, including but not
limited to the analog and digital electronics. Control unit 20



US 2005/0171583 Al

provides a special test, diagnostics and service mode, which
will allow the manufacturer or servicer of system 10 to
bypass the normal diagnostic self-tests, be able to manually
execute all functions and perform calibration and setup. This
mode is generally not be accessible to the user.

[0065] FIG. 2A schematically illustrates code modules
that may be stored in the memory 34 and processed by
processor 32. A more complete description of the function-
ality of the code modules will be described below in relation
to the methods of the present invention.

[0066] FIG. 3 is a detailed perspective view of another
embodiment of an applicator that is encompassed by the
present invention. The applicator has a proximal end 46 and
a distal end 48. One or more input devices, such as a
footswitch (not shown) or trigger 49, may be coupled to
applicator and in communication with switch 36 (FIG. 2) to
control the delivery of energy through applicator 22. Elec-
trode 12 (including segments 12a, 12b, 12¢, 12d, and 12¢)
is mounted at or near the distal end 48 of applicator 22 to
deliver the energy to the tissue. While five electrode seg-
ments are illustrated, it should be appreciated that any
number of electrode segments may be used. For example, in
other embodiments there may be a single pair of electrodes.
As shown in FIG. 3A, other embodiments of applicator 22
may have a three-electrode configuration 124, 12b, 12¢, that
are separated by insulators 21. Further alternate embodi-
ments of the electrodes 12 are shown in FIGS. 3B to 3E and
include needle electrodes or blade electrode assemblies. A
more detailed description of some other electrode configu-
rations may be found in commonly owned U.S. patent
application Ser. No. 60/440,711, filed Jan. 16, 2003 and
entitled “Non-Surgical Incontinence Treatment System and
Method, the complete disclosure of which is incorporated
herein by reference. As can be appreciated, the electrode
assemblies illustrated herein are merely illustrative, and are
not meant to limit the scope of the present invention.

[0067] Applicator 22 may take on a variety of different
sizes and shapes. In the non-invasive cooled electrode
embodiment shown in FIG. 3, applicator 22 preferably has
a diameter of between about 2 cm and about 4 cm, a
treatment surface that has a width between 2 cm and 3 em
and a length between about 3 cm and about 5 cm long, and
a shaft length of between about 6 cm and about 12 cm. In
one configuration of the embodiment of FIG. 3A, the
treatment surface is 25 mm wide by 39 mm long and has 1
mm long insulators 21 between the electrodes 124, 125, 12c¢.

[0068] An electrical coupling 50 is coupleable to RF
power source 38 of control unit 20. In embodiments which
include a cooling assembly, a fluid coupling 52a, 52b
provides attachment between the applicator and cooling
assembly 44 of control unit 20. Cooling fluid may be
recycled through applicator 22 to cool the electrode 12. As
such, more than one fluid coupling may be provided (not
shown). A more complete description of the cooling assem-
bly of the present invention may be found in co-pending
U.S. patent application Ser. No. , filed herewith and
entitled “Methods and Devices for Controlling a Tempera-
ture of an Applicator Body,” the complete disclosure of
which is incorporated herein by reference.

[0069] The segments of electrode 12 are typically quite
close to each other, and preferably define a substantially flat
electrode surface 54. The cooling fluid or gas may flow
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immediately below surface 54, with the surface material
preferably being both thermally and electrically conductive.
Surface 54 is typically as large or larger than the tissue
region to be treated, and a thermocouple or other tempera-
ture sensor (not shown) may be mounted adjacent or on the
surface for engaging the tissue surface so as to measure the
temperature of the engaged tissue.

[0070] In a preferred embodiment, a temperature probe 56
is attached to applicator 22 and is deployable into a patient
tissue target zone using the temperature needle position
assembly 42 (FIG. 2). The temperature probe 56 may be in
the form of a metal needle with one or more thermocouples
located at the needle tip and/or along the shaft of the needle.
The needle is designed to penetrate tissue to place the
thermocouples in the target support tissue. Alternatively, the
temperature probe can be separate from applicator 22. In
either case, the temperature probe 56 may be operably
coupled to temperature input assembly 40 of control unit 20
(FIG. 2). In the case of the non-cooled multi-electrode
applicator the thermocouple may be mounted on the appli-
cator contact surface and may remain in contact with the
tissue between the electrodes as it is being heated.

[0071] FIG. 4 schematically illustrates the positioning of
electrode 12 relative to patient tissue during implementation
of principles of the present invention. As seen therein,
electrode 12 is disposed so as to contact a tissue layer T of
a patient body at a position proximal to a target zone 58
within the patient body for which strengthening is desired.
Specifically, each of segments 124, 12b, 12¢, 12d and 12¢ is
adapted to contact a corresponding region, disposed between
each such electrode segment and target zone 58, of tissue
layer T. As noted above, it may be desirable to pre-cool the
proximal tissue T prior to delivering energy and/or cool the
proximal tissue T during the delivery of energy so as to
reduce the heating damage to the proximal tissue T posi-
tioned between the cooled electrodes and the target zone 58.
Similarly, the three electrode embodiment shown in FIG.
3A will have segments 12a, 12b and 12¢ in contact with the
tissue T so as to treat the target zone 38.

[0072] FIG. 5 is a flow diagram illustrating one example
of a method through which principles of the present inven-
tion are employed in tissue strengthening/contraction/stiff-
ening a support structure tissue of a pelvic support system of
a patient for treatment of incontinence using the cooled
electrode applicator. As noted above, the methods of the
present invention may be carried out with software or
hardware modules in control unit 20 that are shown in FIG.
2A. While FIG. 5 illustrates one preferred method, the
present invention also encompasses methods that comprise
more or less steps than are illustrated.

[0073] At step 100, the user may optionally activate a
power activation switch of control unit 20. During the
initiation, the control unit 20 may prompt the user to enter
time parameters, temperature parameters, power parameters,
interval parameters, and the like. In some embodiments,
such parameters may be preset and the user will not have to
input the parameters.

[0074] 1In response to switch activation with the input
device 24, processor 32 may perform a diagnostic self test
while displaying on display device 28 a system test message
showing the progress of the tests. If any component of
control unit 20 fails the test, an error code and a description
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of the failure shall be displayed on display device 28.
Optionally, if the diagnostic self test indicates no such error,
processor 32 shall provide a message to display device 28
indicating that the cooling assembly 44 is coming down to
a predetermined cool-down temperature. This message may
further indicate the current temperature of and estimated
time to predetermined cool-down temperature of the cooling
assembly 44.

[0075] Additionally, if the diagnostic self test indicates no
such error, processor 32 may provide a message to display
device 28 or an audible tone to output device 26 indicating
that control unit 20 is ready for attachment of applicator 22
thereto. Upon attachment of applicator 22, processor 32 may
also determine whether applicator 22 is operably compatible
with control unit 20. Processor 32 may further cause display
device 28 to display the status of such compatibility, includ-
ing any associated error messages. Processor 32 typically
continually monitors cooling assembly 44 and causes dis-
play of the cooling assembly status.

[0076] Once applicator 22 is connected to controller 20,
processor 32 may initiate a system test of applicator 22.
Such applicator test may include an additional processor
(not shown). Display device 28 may prompt the user to
advance the temperature probe 56 into the air, retract the
temperature probe 56 from the air, and/or press a footswitch
(not shown) or other input device 49 coupled to control unit
20 to activate the delivery of RF energy to the applicator
electrode 12. Processor 32 may determine the temperature
probe state (e.g., advanced or retracted) by comparing
measured temperature values to predetermined values that
correlate to the temperature of a cooled electrode 12 or the
temperature of air in a typical setting. Processor 32 monitors
the RF voltage and current values to verify through electrical
impedance calculations that electrical continuity exists to the
individual elements of electrode 12. Processor 32 may then
determine continuity status by comparing calculated imped-
ance values to predetermined values that correlate to con-
tinuous or broken electrical connections to the electrode
segments. At the conclusion of the applicator test, if an error
message is displayed the user may be prompted to correct
the errors and re-run the system test. If no errors are
indicated, processor 32 generates a message to display
device 28 (and/or output devices 26) indicating ready-for-
placement status of applicator 22. The process may then
move to optional steps 110 and 120.

[0077] The user may access the target support tissue and
position the applicator against the tissue. For treatment of
incontinence, the applicator may access the pelvic support
tissue vaginally or laparoscopically. At optional steps 110
and 120, the electrode 12 may be contacted against tissue T
and an acceptable or unacceptable contact condition
between electrode 12 and tissue layer T may be electroni-
cally determined. If the cooled electrode surface 12 does not
uniformly contact the tissue surface, the target tissue zone
may not be heated adequately and the proximal tissue T
interposed between the electrode 12 and target structural
support tissue 58 may not be adequately cooled. This may
cause inadequate treatment of the target structural support
tissue 58 and unintended treatment of the proximal tissue T.
The user places the applicator 22 such that electrode 12
contacts the proximal tissue layer T that is adjacent to the
target zone 58. The temperature probe 56 is not deployed
into the target tissue so that the applicator 22 may be freely
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repositioned if necessary. Stepping on the footswitch (or
activating trigger 49) will cause each segment pairs of
electrode 12 to irradiate with energy at a first power level
each corresponding region of tissue layer T. Preferably, this
first power level is approximately 5 watts and is such that no
(or minimal) tissue heating is effected. Specifically in the
three electrode case, control unit 20 applies RF energy
alternately between the center electrode segment 12b and
either the distal electrode segments 12a or proximal elec-
trode segments 12¢. Preferably, such energy switching from
one electrode segment pair to another occurs approximately
every three seconds, but may switch more rapidly to acquire
contact condition information more quickly.

[0078] At step 110, uniformity of electrode contact can be
determined by comparing the difference in tissue electrical
impedance measured between the distal/center and proxi-
mal/center segments. Tissue contact impedance is measured
as the RF is switched from the distal to proximal electrode
segments and vice versa after a predetermined time of
irradiating the tissue. The maximum impedance difference
between the distal and proximal electrode segments is
defined as the Tissue Impedance Modulation (TIM). TIM
can be computed by processor 32. Preferably, a TIM of
greater than 20Q shall result in processor 32 providing a
message to display device 28 warning that the electrode
contact to the tissue is unacceptable. A TIM greater than
approximately 14Q to 20€2 shall result in processor 32
providing a message to display device 28 warning that the
electrode contact to the tissue is marginal but acceptable. A
TIM of 14Q or less shall result in processor 32 providing a
message to display device 28 indicating that the electrode
contact to the tissue is acceptable. It should be appreciated
however, that the above impedance values are merely
examples, and that the impedance values may be adjusted
for different tissues and electrode geometries. For example,
instead of having the TIM threshold as 20Q, the TIM can
threshold can be anywhere between a range of about less
than 15Q to 30Q or more. The display of TIM may on
display device 28 also be done graphically such as the
position of a bar denoting the TIM value and/or encoded by
color such as red for unacceptable, yellow for marginal, and
green for acceptable.

[0079] If the cooled electrode surface contacts the tissue
surface uniformly but with inadequate force, the target tissue
zone may not be heated adequately and the proximal tissue
T interposed between electrode 12 and target tissue may not
be adequately cooled. This may cause inadequate treatment
of the target tissue and unintended treatment of the proximal
tissue. At step 120, processor 32 can determine acceptable
contact force by measuring the maximum impedance of both
the distal and proximal electrode sets. Preferably, if the
maximum impedance exceeds a typical value of between a
range of 20092 to 400€2, the processor 32 shall provide a
message to display device 28 warning that the electrode
contact to the tissue is unacceptable. The maximum accept-
able value may range from about 200Q to about 4008,
depending upon tissue type and electrode geometries.

[0080] It should be appreciated that in other exemplary
embodiments, if the maximum impedance value exceeds a
predetermined value or if the TIM exceeds a predetermined
value, instead of a displaying a warning on display device
28, the processor may prevent the processor from moving on
to the next step in the method.
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[0081] In exemplary embodiments, TIM and the maxi-
mum impedance values will both be measured. It should be
appreciated however, that in alternative embodiments, if
desired, only one of TIM and the maximum impedance
values will be measured.

[0082] Upon determining an acceptable contact condition,
if not already deployed, the user may deploy the temperature
probe 56 into the tissue. At step 130, tissue may optionally
be cooled by the fluid cooling system of applicator 22 so as
to cause the temperature of target support tissue 58 to remain
below a first predetermined temperature. Cooling the tissue
T prior to application of heating energy lowers the tempera-
ture of tissue adjacent to the target zone so as to minimize
heating of this adjacent tissue due to thermal conduction
from the target support tissue as the target support tissue 58
is heated due to resistance to current flow by directed
application of RF energy to the target support tissue S8.
Processor 32 receives the temperature of the target support
tissue 58 as provided by the temperature probe and monitors
the progress of cooling. Target support tissue temperature
information is sent by processor 32 to display device 28.
When the tissue zone 58 has dropped to a pretreatment
cool-down temperature of, preferably 30° C. or less (but
may range from 25° C. to 35° C.), processor 32 generates a
message for display on display device 28 advising the user
that RF treatment energy may be applied to target support
tissue 58. Processor 32 will prevent RF treatment energy
from being applied until the pretreatment cool-down tem-
perature has been reached. It should be appreciated, how-
ever, that this pre-heat treatment cooling is optional.

[0083] As can be appreciated, depending upon tissue type,
desired treatment temperature, treatment time, and the like,
other embodiments of the present invention may not provide
pre-cooling of the tissue. For example, in some embodi-
ments, electrodes 12 may be contacted directly against the
support tissue 58 such that pre-cooling and/or cooling of the
electrodes 12 during the treatment is unnecessary.

[0084] At 140, the target support tissue 58 may be irradi-
ated by electrode 12 for a finite time period with RF energy
so as to increase the temperature of target support tissue 58.
When the user activates the RF “On” switch 36, processor
32 may apply the initial RF power. For the non-cooled
multi-electrode applicator an initial RF energy of typically
12 Watts to 15 Watts is applied. In the cooled electrode
embodiment, the initial power is about 15 Watts to about 25
Watts. In either embodiment, the power is delivered for a
fixed amount of time, (preferably 25 seconds =5 seconds).
The value for initial RF power and time of application are
selected to provide minimal tissue heating so as to reduce the
likelihood of overheating non-target tissue in the event of
unacceptable tissue contact. The acceptable contact between
applicator 22 and tissue layer T may optionally be confirmed
during the heat treatment 140. Contact quality information is
shown on display device 28. The user may make use of this
information to attempt to improve contact quality if unac-
ceptable or marginal. If at the end of the initial heating
period, contact is unacceptable, RF energy application may
be ceased. If contact is acceptable, processor 32 may then
move to heat treatment 150 for the secondary RF heating
treatment period.

[0085] A non-cooled, multi-electrode applicator may not
have a contactor determination step or two heating steps
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140, 150. In such embodiments, heating can start at about 12
Watts to about 15 Watts and then adjustment to the wattage
are begun immediately at predetermined intervals during the
treatment. Alternatively there may be a specified time period
where the adjustment is disabled to allow the initial heating
rate spike to pass.

[0086] The cooled electrode applicator may have the two
step start of heating power and may measure contact
between the electrode and tissue. Once contact is determined
to be sufficient, there is a further time delay until wattage
adjustment begins so as to limit the response to the initial
rapid rate of heating.

[0087] During heat treatment 150, a variety of power
schemes may be used to continue to heat the support tissue
58 to its target temperature. If desired, during heat treatment
150, processor 32 may optionally monitor contact condition
throughout the heating period 150. If contact becomes
unacceptable during heat treatment 150, RF power may be
turned off automatically via a signal generated by processor
32. It should be appreciated however, that in alternative
embodiments, instead of turning off the RF power, the RF
power may be reduced to a lower power level, until unifor-
mity of contact is again achieved. The lower power level
may or may not cause the first tissue layer to be heated.

[0088] The user can turn off the RF power at anytime by
deactivating the RF On/Off switch 36 through activation of
input device 49. The user may pause treatment for, prefer-
ably, two to four seconds. Within this time, the user may
resume treatment by reactivating RF On/Off switch 36;
otherwise, processor 32 shall disable RF treatment power
and proceed to step 160.

[0089] During heat treatment 150, control unit 20 may
employ a single power level heating scheme (e.g., same or
different level from heat treatment 140) or an adjustable
power level heating scheme to heat the support tissue to the
target temperature. In one embodiment, during heat treat-
ment 150, the power level is maintained at a constant power
level as heat treatment 140. For example, the power level in
steps 140, 150 may be initially maintained at a constant 12
W to 15 W. Such a heat treatment is typically used with the
non-cooled multi-electrode embodiment. In other embodi-
ments, the heat treatment 150 is adjusted to a different power
level from heat treatment 140. For example, for a cooled
electrode applicator, the heat treatment 140 may have a
power level of between about 15 W to about 20 W. During
heat treatment 150, the power level may be raised to a level
between about 30 W and about 40 W. In either embodiment,
the tissue temperature and temperature rate of change of
target support tissue 58 is monitored throughout the heat
treatment 140, 150, as described below.

[0090] FIGS. 6 to 8 illustrate some examples of heat
treatments 150 that are encompassed by the present inven-
tion. For example, upon entering the heat treatment 150, the
RF treatment power may be initially adjusted from the first
heat treatment 140 power level to a higher power level,
adjusted to a lower power level, or the RF power level may
initially be held at the same power level as heating stage 140.

[0091] As shown in FIG. 6, one embodiment of the
secondary heat treatment 150 comprises adjusting a power
level of the energy to effect the overall time for reaching the
target temperature so that the target temperature is not
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reached in an excessively long or excessively short time
period. In such embodiments, control unit 20 may be pro-
grammed to continuously or periodically estimate the time it
will take to reach the target temperature 151 (hereinafter
referred to as “estimated treatment time” or “ETT”). The
estimated treatment time may then be compared to a prese-
lected, desired treatment time range 156 to determine what
sort of power adjustments 157 are needed during the heat
treatment 150.

[0092] Inorder to estimate the treatment time 151, control
unit 20 measures the elapsed time of the treatment 152.
Using the temperature probe 56, control unit 20 may also
measure the real-time temperature of the support tissue 153
and the temperature rate of change in the support tissue (e.g.,
temperature slope) 154 over a selected time interval of the
heat treatment. Once such parameters have been measured,
the estimated treatment time (ETT) may be calculated 155 as
follows:

ETT = Elapsed Time(seconds) +

[Target Temperature(°C.) — Current Temperature(°C.)]

Rate of Temperature Change(°C./second)

[0093] Inpreferred configurations, the current temperature
and the rate of temperature change is a smoothed average of
the temperature and rate of temperature change over the
selected interval, respectively. In one embodiment, the
parameters are measured over a selected interval of six
seconds. The six second interval is selected because Appli-
cants have found that six seconds is approximately the same
time it takes the support tissue to respond to a power level
change. As can be appreciated, the selected interval may be
different for target tissue structures other than the endopelvic
fascia. Smoothing such parameters has been found to reduce
the effects of rapid, instantaneous temperature oscillations
during the measurements.

[0094] The estimated treatment time may then be com-
pared to the desired treatment time 156. If the estimated
treatment time is coincident with a desired treatment time
range, the power level may be left as is. However, if the
estimated treatment time is not coincident with the desired
treatment time range, the power level may be adjusted
upwards or downwards 157, depending on whether the
estimated treatment time is larger (e.g., too slow) or smaller
(e.g., too fast) than the desired treatment time.

[0095] Various methods of adjusting the power level may
be used. As shown in FIG. 6A, during the process initiation
100 the user may select, or the control unit may be prepro-
grammed to define a lower range of the acceptable desired
treatment time (OK,,,) and an upper range of the acceptable
desired treatment time (OKy;,,). If the ETT is not within the
desired treatment range, the power level may be increased or
decreased in a step-wise manner, depending on if the esti-
mated treatment time is higher than OKy; , or lower than
OK,,.,- The step-wise adjustments may be preselected as +1
Watts or less, £2 Watts or less, or £5 Watts or less. As can
be appreciated, while such step-wise adjustments are pre-
ferred, other adjustment levels may be used without depart-
ing from the scope of the present invention.

[0096] In other configurations, the amount of power
adjustment may be based on the size of the difference
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between the estimated treatment time and the desired treat-
ment time(s). For example, during process initiation 100, the
user may also be prompted to input secondary time param-
eters in the form of a lower level of treatment time Time-
Toorast A0d an upper level of treatment time Timep, g0y

[0097] 1If the ETT is between the OK,_, and OK;,, then
the power level is maintained at its current level and no
power level adjustments are made. If the ETT is between
OK.  and Timerp,, g, O between OKy,, and Timer, gy
the power may be adjusted by a preselected step-wise
adjustment (e.g., +1 Watts or less, +2 Watts or less, or +5
Waltts or less). If however, the secondary time parameters are
used and ETT is less than Timep, g, OF it is higher than
Timer, oprigns the power level may be adjusied by some
multiplier of the preselected step-wise adjustment (e.g., two
times, three times, or the like) or by some other selected
amount so that gross errors between the ETT and the desired
treatment time may be compensated for quickly.

[0098] Referring again to FIG. 6, after the power level has
been adjusted, control unit 20 continues to monitor the
temperature and determines if the tissue has reached its
target temperature in the desired treatment time range 158.
At any time when the smoothed target temperature is
reached, RF power either ends or if dwell is desired
(described below), the control 20 transitions to the dwell
phase. If the target temperature has been reached in sub-
stantially the desired treatment time range (and no dwell is
desired), then the method moves onto Step 160 where the RF
heating is discontinued so as to allow the support tissue to
cool. If the target temperature has not been reached, control
unit 20 may repeat steps 151, 156, 157, until the target
temperature has been reached in the substantially the desired
treatment time range.

[0099] While not illustrated, in most embodiments, there
is an overriding time limit (¢.g., Maximum Treatment Time)
which will discontinue RF treatment if the total elapsed RF
treatment time exceeds this value, This will end RF treat-
ment even if target temperature has not been achieved or
even if the desired dwell time has not been achieved.
Maximum treatment time is constrained to be greater than
the setting for the desired rise time.

[0100] FIG. 7 illustrates an alternative embodiment of a
heating treatment period 150 that incorporates a dwell time.
In the embodiment illustrated in FIG. 7, any conventional or
proprietary method may be used to heat the tissue to a first
target temperature 161 (e.g., constant energy level, two-
stage energy level, or adjustable power level (described
above)). One potential power scheme to heat the tissue to the
target temperature is describe in commonly owned, copend-
ing U.S. patent application Ser. No. 10/102,596, filed Mar.
19, 2002, the complete disclosure of which is incorporated
herein by reference.

[0101] Once the first target temperature is reached, instead
of stopping the heat treatment, the tissue is heated in a
manner that maintains the tissue at substantially a second
target temperature for a predetermined amount of time
(hereinafter referred to a “dwell”). The first and second
target temperatures may be substantially equal to each other,
or the first and second target temperatures may be different
from each other. The entry into the dwell period typically
involves a reduction in power level from the power level that
was used to raise the tissue temperature. This reduction may
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either be by a constant amount or by an amount of power
which is proportional to the rate of heating (temperature
slope) at the point when dwell begins.

[0102] The power level may be adjusted (upward or
downward) one or more times during the dwell period so as
to maintain the support tissue at substantially the target
temperature for the desired time period. Before, after, con-
tinuously during the delivery of energy, or at selected
intervals during the delivery of energy, the temperature of
the support tissue may be measured to determine the tem-
perature and the effect of the change in the power level on
the temperature of the support tissue 164. After the tem-
perature measurement and the change in the level of the
power level are made, control unit 20 determines if the tissue
has been held at substantially the target temperature for the
desired dwell time 165.

[0103] If the tissue has been held at the dwell time for the
desired time, the power delivery is discontinued and the
tissue is allowed to cool 160. If the dwell time has not been
reached, the temperature is continued to be monitored and if
the tissue temperature is not within the desired temperature
range, the process is repeated and the power level is adjusted
163. Applicants have found that oftentimes only one adjust-
ment in the power level during heat treatment 150 is needed
to maintain the temperature of the tissue within the desired
range. But other times, a plurality of power level adjust-
ments may be made.

[0104] FIG. 8 illustrates yet another method encompassed
by the present invention. Similar to the embodiment of FIG.
6, control unit 20 may be programmed to continuously or
periodically estimate the time it will take to reach the target
temperature 151. The estimated treatment time may then be
compared 10 a preselected, desired treatment time range 156
to determine what sort of power adjustments 157 are needed.

[0105] Inorder to estimate the treatment time, control unit
20 may measure the elapsed time of the treatment 152.
Using the temperature probe 56, control unit 20 may also
measure the temperature of the support tissue 153 and the
temperature rate of change in the support tissue (e.g.,
temperature slope) 154 over a selected interval of the heat
treatment. As described above, using the elapsed time,
current temperature and the temperature rate of change, the
control unit 20 determines the estimated time to reach the
target temperature.

[0106] The estimated treatment time may then be com-
pared to the desired treatment time 156. If the estimated
treatment time is coincident with a desired treatment time
range, the power level may be left as is. If the estimated
treatment time is not coincident with the desired treatment
time range, the power level may be adjusted upwards or
downwards 157, depending on whether the treatment time is
larger (e.g., too slow) or smaller (e.g., too fast) than the
desired treatment time. As is described above, various
methods of adjusting the power level may be used.

[0107] After the power level has been adjusted, control
unit 20 determines of the tissue has reached its target
temperature in the desired treatment time range 158. If the
target temperature has not been reached, control unit 20 may
repeat steps 151, 156, 157, so that the target temperature will
be reached in substantially the desired treatment time range.
If the target temperature has been reached in substantially
the desired treatment time range, then the method moves to
the dwell time at step 163.
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[0108] At 163, the power level may be adjusted (upward
or downward) one or more times during the dwell period so
as to maintain the support tissue at substantially the target
temperature for the desired time period. Before, after, con-
tinuously during the delivery of energy, or at selected
intervals during the delivery of energy, the temperature of
the support tissue may be measured 164 to determine the
temperature of the tissue and the effect of the change in the
power level on the temperature of the support tissue. After
the temperature measurement and the change in the level of
the power level are made, control unit 20 determines if the
tissue has been held at substantially the target temperature
for the desired dwell time 165.

[0109] If the tissue has been held at the dwell time for the
desired time, the power delivery is discontinued and the
tissue is allowed to cool 160. If the dwell time has not been
reached, the temperature is continued to be monitored and if
the tissue temperature is not within the desired temperature
range, the process is repeated and the power level is adjusted
163 to maintain the desired temperature and the heating is
continued until the desired dwell time has been reached.
After the desired dwell time has been reached the RF heating
is discontinued and the tissue is allowed to cool 160.

[0110] Referring again to FIG. 5, after any of the heating
treatments 150 of FIGS. 6 to 8 are complete, the RF heating
is discontinued 160. The target support tissue 58 may be
cooled to a predetermined temperature, typically between
approximately 30° C. to approximately 50° C. Cooling of
the target support tissue and adjacent tissues with cooling
assembly 44 after heating reduces the undesirable additional
heating of adjacent tissues due to thermal conduction from
the target support tissue 58. Upon target support tissue 58
reaching this predetermined temperature, at step 170, cool-
ing of the tissue is discontinued, thus ending the round of
treatment. It should be appreciated however, that the post
heating cool down cycle is optional, depending upon appli-
cation such as tissue type, desired treatment temperature,
treatment time, and the like.

[0111] According to principles of the preferred embodi-
ment of the present invention, the above-described treatment
process may be carried out automatically by the system 10
so that the user is relieved of manually adjusting power, etc.
The user may turn the RF power on and off and deploy and
retract the temperature probe. Processor 32 may maintain the
proper power level, monitor the above-described treatment
parameters, adjust the power levels (if needed), prompt the
user, and display status messages, alerts/warnings and error
conditions. These functions, including all associated with
the inventive process described above, are typically initiated
and/or performed by the above-referenced software code
stored in a memory of and executing on processor 32.

EXAMPLES

[0112] The following description provide some specific,
non-limiting examples that are encompassed by the present
invention.

[0113] Applicants have found that heating a volume of
tissue to a temperature for above 70° C. and dwelling the
tissue above 70° C. for more than 30 seconds provides
improved incontinence treatment over incontinence treat-
ments that heat to 70° C. and do not provide a dwell time.
FIG. 9 is a graph 200 that schematically illustrates tissue
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volume that is held above 70° C. for various heating
treatment schemes of the present invention. The first column
210 shows a heat treatment where energy is delivered to
raise the temperature of a thermocouple within a needle at
the middle of the treatment zone (about 4.5 mm below the
vaginal mucosal surface) to 70° C. in whatever time it
naturally takes. The temperature in the middle of the treat-
ment zone is typically the maximum temperature achieved
anywhere in the tissue. Once the support tissue hits the target
temperature of 70° C., the heat treatment was immediately
stopped. Such a treatment provides only a collagen tissue
shrinkage volume of 12 mm? that stays above 70° C. for at
least 30 seconds.

[0114] In the second column 220, the support tissue was
heated to 70° C. and then subjected to a dwell period of 60
seconds at 70° C. For such a heat treatment, the resultant
tissue volume was raised by about a sevenfold factor to a
collagen tissue shrinkage volume of 86 mm?®. Applicants
believe that this increased tissue volume relates to the heat
spreading out from the hot spot to encompass more tissue.

[0115] Inthe third column, the support tissue was raised to
75° C. prior to a 45 second dwell period, and such heating
produced a collagen tissue shrinkage volume of 352 mm?.
Applicants believe that this further four fold increase was
caused by the fact that the hot spot itself was raised to 75°
C. which naturally produces an even larger tissue volume in
excess of 70° C.

[0116] In the fourth column 240, the tissue was raised to
80° C. prior to a 45 second dwell period, and such heating
produced a tissue volume of 522 mm?>.

[0117] Finally, in the fifth column 250 the tissue was
raised to 85° C. prior to a 45 second dwell period, and such
heating produced a tissue volume of 917 mm®. Applicants
prefer that the heat treatment power scheme produce a
volume of 300 mm? or more, but other tissue volumes may
be used, if desired.

[0118] Heating the volume of tissue to 70° C. and main-
taining the tissue at that temperature for 30 seconds causes
shrinkage of 40%, which is about 65% of the maximum
amount of the potential tissue shrinkage. See Chen et al.,
Transactions of the ASME, Volume 119, pp. 372-378 (1997),
the complete disclosure of which is incorporated herein by
reference. At 75° C. the same tissue shrinkage may be
reached in 10 seconds. The selection of an arbitrary “rule”
of 70° C. treatment volumes for 30 seconds is a convenient
target for the treatment prescription. On one hand, the
selection of 75° C. for 10 seconds or even 80° C. for 1
second might be equivalent to heating at 70° C. for 30
seconds, but to get the patient to these higher temperatures
runs a greater risk of dangerous temperatures spreading to
damage nearby nerves or other sensitive structures. On the
other hand, if the method were to select 65° C. for 160
seconds would require the physician to continue treatment
for an uncomfortably long time period since it typically
requires 100 to 150 seconds with the applicator to reach the
target temperature in the first place.

[0119] Inone test, the power was held constant at 20 W for
24 seconds, and the power was increased to a constant 35 W
until the tissue temperature reached the target temperature
(e.g., 70° C.), the average time to reach the target tempera-
ture was 110 seconds with a standard deviation of 29
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seconds. The large standard deviation in time is influenced
by differences in power delivery as a result of applicator
placement in the body, the level of perfusion (e.g., blood
flow), patient to patient anatomical variations and the vari-
ants in effectiveness of a vasoconstrictor. The vasoconstric-
tor maybe used to try to limit perfusion effects, and thus
ensure that the target treatment could be reached in the
desired time. Some methods of using a vasoconstrictor for
the treatment of incontinence is described in co-pending and
commonly owned U.S. patent application Ser. No. 10/029,
000, filed Dec. 20, 2001, the complete disclosure of which
is incorporated herein by reference.

[0120] In contrast, using the methods of the present inven-
tion, prior to delivery of energy, the user can set the OKy;
time to be 181 seconds and the OK,_, time to be 179 seconds
(in which the desired overall treatment is 180 seconds to
reach the target temperature), the temperature was allowed
to be adjusted every six seconds, and the hot spot target
temperature was set to be between 74° C. and 75° C.

[0121] The power was held constant at 20 Watts for 24
seconds. The power was then increased to 35 Watts for a
period of about 30 seconds. To compensate for any differ-
ence between the calculated ETT and the preselected desired
treatment time, the power was allowed to be adjusted every
six seconds (up to a maximum of 40 Watts and down to a
minimum of 25 Watts). Applicants found that, on average
the power scheme of the present invention reached the target
temperature in 169 seconds with a standard deviation of only
10 seconds.

[0122] As can be appreciated, the power levels and treat-
ment times will vary depending on whether a cooling
assembly is used. For example, the total treatment time for
an applicator with a cooling assembly will typically be in the
range from about 150 to about 240 seconds, while the total
treatment time for the non-cooled multi-electrode device
will be in the range from 130 to 200 seconds. This applies
to treatment of the endopelvic fascia. Other treatment target
tissues may require different treatment time targets.

[0123] FIG. 10 illustrates the temperature of the tissue and
the corresponding power levels of one test run. The power
level graph 302 shows an initial power level of approxi-
mately 20 Watts for the first 24 seconds, thereafter, the
power is increased to approximately 35 Watts for 30 seconds
and then adjusted in a stepwise manner based on the
comparison of the ETT with the desired temperature range
(in this example 0K, =179 seconds and OK,; =181 sec-
onds). A dwell time target was 30 seconds. The dwell started
at about 180 seconds and continued until 210 seconds. As
shown by graph 302, the power level was dropped down
from about 37 W to a lower power level during the dwell
period and was continuously adjusted during the dwell
period. The drop in power at the beginning of the dwell
period may be a fixed value but has been found to provide
more consistent values of temperature during dwell if the
amount of drop is proportional to the tissue heating rate
when the dwell period begins. A typical value for endopelvic
tissue might be a drop of 1 Watt for every 0.04 ° C./second
of tissue temperature rise just prior to dwell. As shown by
temperature graph 304, the temperature stabilized at about
74° C. during the dwell period. In the illustrated example,
the temperature is typically held to within £1.0° C. of the
target temperature.
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[0124] As shown in FIG. 11, for the non-cooled multi-
electrode applicator, during the dwell period it may be
possible to provide a single adjustment to the power level to
substantially maintain the dwell temperature. As shown in
FIG. 11, in another test run, the power level 302 is dropped
from about 15 W and held constant at a constant 8 W and the
temperature was substantially maintained at 82° C., with a
temperature error 306 of only about +0.7° C. of the target
temperature. As can be appreciated, in some cases, it may
only be required to adjust the power level is small steps,
typically 0.5 Watts to about 1 Watt to hold the tissue
temperature of within £0.3° C. of the target value.

[0125] Although the invention has been described in terms
of the illustrative embodiment, it will be appreciated by
those skilled in the art that various changes and modifica-
tions may be made to the illustrative embodiment without
departing from the spirit or scope of the invention. It is
intended that the scope of the invention not be limited in any
way to the illustrative embodiment shown and described but
that the invention be limited only by the claims appended
hereto.

What is claimed is:

1. A method of therapeutically heating a collagenous
structural support tissue of a pelvic support system to a
target temperature, the method comprising:

delivering energy to the structural support tissue;

monitoring the effect of the delivery of energy on the
structural support tissue to estimate a treatment time of
reaching the target temperature;

comparing the estimated treatment time with desired
treatment time(s);

adjusting a power level of the energy if the estimated
treatment time is not coincident with the desired treat-
ment time(s).
2. The method of claim 1 wherein monitoring the effect of
the delivery of energy comprises:

measuring an elapsed time of delivery of the energy to the
structural support tissue;

measuring a temperature of the tissue and a temperature
rate of change of the structural support tissue; and

using the elapsed time of delivery of the energy, measured
temperature of the structural support tissue, and tem-
perature rate of change at the structural support tissue
to calculate the estimated treatment time.

3. The method of claim 2 wherein measuring the tem-
perature and the temperature rate of change at the structural
support tissue is carried out only after a predetermined
amount of time after commencement of a delivery of energy
to the structural support tissue.

4. The method of claim 3 wherein the predetermined
amount of time is between approximately 25 seconds and 45
seconds.

5. The method of claim 2 wherein measuring the elapsed
time, temperature of the structural support tissue, and the
temperature rate of change at the structural support tissue is
repeated at predetermined intervals during the delivery of
the energy.

6. The method of claim 2 wherein the measured tempera-
ture of the structural support tissue and temperature rate of
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change of the structural support tissue is an average tem-
perature and average temperature rate of change over a
predetermined interval.

7. The method of claim 6 wherein the predetermined
interval is approximately six seconds.

8. The method of claim 7 wherein adjusting the power
level is carried out after each predetermined interval.

9. The method of claim 1 wherein if the estimated
treatment time is less than the desired treatment time(s) then
the adjusted power level is lower than an original power
level.

10. The method of claim 1 wherein if the estimated
treatment time is greater than the desired treatment time(s)
then the adjusted power level is higher than an original
power level.

11. The method of claim 1 wherein adjusting the power
level comprises adjusting the power level in step-wise
adjustments of =1 Watts, +2 Watts, or 5 Watts.

12. The method of claim 11 wherein a size of the
step-wise adjustment is selected based on the difference
between the estimated treatment time and the desired treat-
ment time.

13. The method of claim 1 wherein the target temperature
is between approximately 65° C. and 75° C.

14. The method of claim 1 wherein the desired treatment
time is between approximately 150 seconds and approxi-
mately 240 seconds.

15. The method of claim 1 wherein adjusting is automati-
cally carried out by software in a control system memory.

16. The method of claim 1 wherein the structural support
tissue is a collagenated tissue in an endopelvic fascia.

17. The method of claim 1 further comprising accessing
the structural support tissue transvaginally.

18. The method of claim 1 further comprising accessing
the structural support tissue laparoscopically.

19. A system for delivering energy to a collagenous
structural support tissue of a pelvic support system, the
system comprising:

a Processor;

a memory coupled to the processor, the memory config-
ured to store a plurality of code modules for execution
by the processor, the plurality of code modules com-
prising:

a code module for delivering energy to the structural
support tissue;

a code module for estimating a treatment time of
reaching a target temperature;

a code module for comparing the estimated treatment
time with desired treatment time(s); and

a code module for adjusting the delivery of the energy
to an adjusted power level if the estimated treatment
time is not coincident with the desired treatment
time(s).

20. The system of claim 19 wherein the code module for
estimating the treatment time of reaching the target tem-
perature comprises:

a code module for measuring an elapsed time of deliver-
ing energy to the structural support tissue;
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a code module for measuring a temperature and a tem-
perature rate of change at the structural support tissue;
and

a code module for using the measured elapsed time,
measured temperature and temperature rate of change
to calculate an estimated treatment time.

21. The system of claim 19 further comprising a power

supply coupled to the processor.

22. The system of claim 21 further comprising an appli-
cator coupleable to the power supply for delivering the
energy to the structural support tissue.

23. A method of therapeutically heating a collagenous
structural support tissue of a pelvic support system, the
method comprising:

delivering energy to raise a temperature of the structural
support tissue to a first target temperature; and

dynamically adjusting a power level of the energy after
the structural support tissue has substantially reached
the first target temperature so as to allow the structural
support tissue to dwell at substantially a second target
temperature for a desired amount of dwell time.

24. The method of claim 23 wherein adjusting the power
level comprises making an adjustment of the power level
upon entry into dwell which is either a constant value drop
from an entry power level or a power level drop which is
proportional to a rate of change of the tissue temperature at
an entry point into the dwell.

25. The method of claim 23 wherein the first target
temperature is substantially equal to the second target tem-
perature.

26. The method of claim 23 wherein the first and second
target temperatures are between approximately 70° C. and
approximately 75° C.

27. The method of claim 23 wherein the desired amount
of dwell time is at least approximately 30 seconds

28. The method of claim 23 wherein the desired amount
of dwell time is between approximately 20 seconds and
approximately 45 seconds.

29. The method of claim 23 wherein adjusting the deliv-
ery of energy comprises reducing a power level of the
delivery of energy at least once during the dwell time.

30. The method of claim 23 further comprising:

measuring a temperature of the structural support tissue at
selected intervals during the dwell time; and

further adjusting delivery of energy to the structural
support tissue if the measured temperature of the struc-
tural support tissue is not within an acceptable range
from the second target temperature.
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31. The method of claim 23 wherein further adjusting
delivery of energy comprises raising or lowering the power
level less than approximately 2 Watts.

32. Asystem for delivering energy to a structural support
tissue of a pelvic support system, the system comprising:

a Processor,

a memory coupled to the processor, the memory config-
ured to store a plurality of code modules for execution
by the processor, the plurality of code modules com-
prising:

a code module for delivering energy to raise a tem-
perature of the structural support tissue to a first
target temperature; and

a code module for dynamically adjusting a power level
of the energy after the structural support tissue has
substantially reached the first target temperature so
as to allow the structural support tissue to dwell at
substantially a second target temperature for a
desired amount of dwell time.

33. The system of claim 32 further comprising a power
supply coupled to the processor.

34. The system of claim 33 further comprising an appli-
cator coupleable to the power supply for delivering the
energy to the tissue.

35. A method of treating a tissue of structural support
tissue of a pelvic support system, the method comprising:

delivering energy to the structural support tissue at a first
power level,

estimating a treatment time of reaching a first target
temperature,

comparing the estimated treatment time with desired
treatment time(s) for reaching the first target tempera-
ture;

adjusting the delivery of the energy to an adjusted power
level if the estimated treatment time is not coincident
with the desired treatment time(s), wherein the adjusted
delivery of energy is sufficient to cause the first target
temperature to be reached in substantially the desired
treatment time(s); and

dynamically adjusting a power level of the energy to a
modified power level after the structural support tissue
has substantially reached the first target temperature so
as to allow the structural support tissue to dwell at
substantially a second target temperature for a desired
amount of dwell time.
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