A 9.2GHz MICROWAVE APPLICATOR FOR THE TREATMENT OF
MENORRHAGIA

. B. Feldberg” & N.

J. Cronin®

“Microsulis PLC, 11B Dragoon House, Hussar Court, Westside View, Waterlooville, Hampshire PO7 7SF, UK
school of Physics, University of Bath, Claverton Down, Bath BA2 7AY, UK

ABSTRACT

We report on the design, analysis and clinical use of
a 9.2GHz medical applicator specificaly developed for
the purpose of endometrial ablation in the treatment of
menorrhagia. The technique of endometrial ablation is
introduced.  Experimental and clinical trials are
summarised.

INTRODUCTION

Menorhaga is generaly defined as excessive
menstrual bleeding in the absence of organic pathology
where the blood loss @ach menstrual cycle exceeds
80mi". Menorhagia is now considered to be one of the
most frequently encountered ggological problems.

For many years, total abdominal and vagnal

evaluated; however, compicatiots*** have driven
surgeons and scientists to continue the search for an
ablation procedure that is rapid, simple and safe to
perform, and has predictable outcomes.

An entirely new approach to the problem has resuited
in the development of a microwave applicator specifically
designed for the purpose of endometrial ablation.

ENDOMETRIAL ABLATION

The regenerative nature of the endometrium is well
knomt* so to achieve an effective resut using
endometrial ablation the basal layer of the endometrium
must be completely destroyed. This has become the
primary objective for al endometrial ablation techniques.

The endometrium, diagrammatically shown in Figure
1, with basal layer consisting of epithelial cels extruding

hysterectomies have been the standard treatments for up from gandular tufts, is set in the muscular walls of the

intractable menorrhaga. In 1980 there were 625000

hysterectomies in the USA, (65 cases per 10000 women

aged 14-60), at a cost of $1700 mion.Of all
hysterectomies, 30-45% are performed on women who
suffer from menorthagdlayet this operation is known to
be associated with significant morbidity, expense and a
prolonged inpatient stay

Since the 1940s various methods have been
employed to destroy the regenerative capacity of the
endometrium, (the glandular ining of the uterine cavy,
which generates the menstrual flow), to effect an
atemative to hysterectomy in the treatment of
menomhagia.  Treatment methods, often termed
endometrial ablation, have been diverse yet only a few

techniques have met with some degree of success.

These methods have included cryosu?gek;ser
ablation, electroresection using RF driven diathermy
loops and roller-ball€, RF ablation at 27.12MPizand
thermal baloorS. Al of these techniques have been
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Figure 1. The Uterus

Considering that endometrial glandular elements wil
almost invariably be present deeper in the myometrium, it
is necessary to destroy tissue to a depth of at least 5mm
where this depth should include 25mm to 3mm of
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cervix, which can be dilated, to a maximum diameter of lﬁ‘v—l .
about 10mm. Itis imperative that the endocervical canal ;g% - /
is not heated as a result of the ablation treatment as this &ﬂ ™ i aker
can result in cervical stenosis and resultant hematometra.
AChEVIng full coverage of the endometrial Ca\/|[y and I ' Protective Flouroplastic Coating

consistent depth of necrosis is essential if amenorrhea
(no more periods) or patient satisfaction (light periods) is Data Acuistion
to occur as a resutt of an endometrial ablation procedure. , , ,

It is therefore, essential to design an applicator that can Figure 2: The Microwave Applicator

destroy tissue in a hemispherical zone in order to access  The combination of a metal pipe dielectric filed
endometrium set in the fundus (ceiling) of the uterus, in - waveguide and dielectric radiating tip gves this applicator
the comers leading to the fallopian tubes, and in the side excellent power handing and heat-sinking capabilites.

\Mic rowave Input

walls throughout the uterine cavity. Furthermore, the dielectric applicator tip produces a
hemispherical field of heating in tissue that has proven to
APPLICATOR DESIGN be efficient at treating the difficult to reaadmdus and
comers of the uterine cavity.

A 9.2GHz microwave frequency was chosen to
produce the 5mm depth of necrosis required to APPLICATOR MODELLING
completely destroy the basal layer of the endometrium.

The delivery of microwave energy at 9.2GHz to the The applicator has been modeled using HFSS
uterine cavity presents several difficult design problems  Version 4. The model shows that the reflection coefficient
which have all been overcome. The diameter of the (S11) from the radiating tip in endometrial tissue is -
applicator must be less than 10mm to enter the uterine 105dB at 9.2GHz. This result correlates well with
cavity via the cervix and to prevent postoperative measurements made on a vector network analyser and
infection the appilicator shaft must remain cool. Heat confims that the structure couples well into endometrium
generated by losses in the applicator shaft and without the need for addiional tuning elements. The
conduction from the heated tissueaeelt to the model also yields information about the nature of the
radiating portion of the applcator must be efficenty  electromagnetic field generated in the tissue around the tip.
sunk to protect the surrounding endocervical tissue from
damage.

The design approach taken was to use circular metal . 11 etrial Tissue
pipe waveguide to propagate microwave energy at
9.2GHz into the uterine cavity. At this frequency the \
intemal diameter of an air filed circular waveguide
should be about 20mm and this dimension would make
the appilicator line too large to gain entry to the uterine m
cavity via the cervix. To reduce this diameter a high

Waveguide Wall
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—_ Applicator Splitalong
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permittivity ceramic is used to load the wavedlide Fadiated Power

This dielectric is then extended beyond the metal pipe to Figure 3: HFSS Model

form th_e radiating tip. A photograph of the appilicator is Figure 3 shows a geyscale picture indicating the
shown in Figure 2 electric field pattern around the applicator tip in the H-

Plane. For the purpose of the model a value equal to
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45+36 was used for the dielectric constant of
endometrium. This value was measured using the o
resonant perturbation method on a small sample of  Destucton
endometrium tissuegaed in a purpose built cavify. Leading t

In this picture the contrast has been enhanced to increase ™ “P*" ™"
the visibility of the pattem. The figure shows that the  s-6mm

field is distributed quite uniformly over the surface ofthe  Seereien®
radiating tip and, in particular, significant power is T
transmitted to the tissue in the forward direction. This

aspect of the applicator design is key to the effectiveness

of treatment in endometrial ablation. (E:r:adv(i]t; ervical
notdamaged
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EXPERIMENTAL TRIALS

Figure 5: In Vivo Test

Ealy emprical tests involved checking the
appilicator field pattem in tissue phantoms. Figure 4
shows a simple test where the applicator tip is immersed TREATMENTDYNAMICS

in egg white. L ,
Coagulated Egg White Uterine tissue has a very high water content so the

microwave field ampitude wil be reduced by 90%
approximately 3mm from the surface of the applicator tip.
Beyond this zone of intense microwave heating, further
tissue destruction occurs by thermal conduction from the
heated regon. The total depth of necrosis, therefore
depends upon the power level used and the length of time
for which this power is applied. The pattem of heating in
tissue resulting from this applicator tip is hemispherical and
monitoring the temperature of heated tissue adjacent to the
applicator tip surface controls the overall depth of necrosis.
. _ . A thetrmocouple on the applicator tip measures the
Figure 4: Egg White Tests temperature at the surface of timelaenetrium.  This

With nomal power levels (30W) the egg white  temperature is displayed graphically in reaktime, enabling
quickly hardens showing a clear representation of the the surgeon to monitor the progress of heating. The
hemispherical field pattem emanating from the dielectric - microwaves coming out of the applicator tip heat the
tip. The coagulated egg white can also be removed and endometrium, causing the temperature to rise. Likewise,
sectioned to observe the depth and symmetry of the field when the applcator tp is moved to untreated
pattem. endometrium the temperaturié fall. Figure 6 shows a

The applcator has been extensively tested in animal  diagrammatic representation of the treatment process. The
tissue, excised uteri, perfused excised uteri, and finally in - surgeon uses this graphical temperature response to control
Vivo prior to hysterectomy. In the latter experiments the  absolute depth and coverage of heating during the MEA
specimens were stained with a tissue'Stgifigure 5) treatment. The system LCD screen provides the surgeon
which stains vital tissue an intense blue whie devitalised  with a proven treatment temperature band and waming
areas (necrosed tissue) fail to stain and remain pale. tones are activated if treatment temperatures are allowed to

Using the information obtained durng these  exceed pre-setlower imits.
experimental trials it is now possible to consistently
achieve a depth of necrosis of 5-6mm in vivo.

Cross-Sectional View
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