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Changes in hysteroscopic capabilities have been preceded by technological
advances that have enabled them. Modern operative hysteroscopes rely on a
variety of different-sized optical, inflow, outflow, and working channels to
enable clear visualization of the endometrial cavity as well as the surgical
removal of intracavitary lesions such as polyps and myomas. This review
examines the relative merits of various hysteroscopic treatment options with
a focus on the most recent operative hysteroscopic technique, hysteroscopic
morcellation, and how this new technology fits into the armamentarium of
the gynecologist.
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the uterine cavity is credited to D. Commander Pantaleoni in 1869." Over

the course of the subsequent century, hysteroscopy remained a purely
diagnostic endeavor until Neuwirth and Amin used a urologic resectoscope to
perform and report the first hysteroscopic resection of a submucous myoma in
1976.2 In more recent years, this transformation has taken on another dimension
as operative hysteroscopic procedures have gradually moved from the exclusive
domain of the operating room to the physician’s office.

The first description of a rudimentary hysteroscope being used to visualize
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Hysteroscopic Morcellation for Treating Intrauterine Pathology continued

Not surprisingly, changes in hys-
teroscopic capabilities have been pre-
ceded by the technological advances
that have enabled them. Whereas the
earliest diagnostic hysteroscopes fo-
cused solely on optics, later hystero-
scopes incorporated nonoptic channels
that allowed for the introduction of
distention media and instrumentation
as well as the removal of media and
tissue. Modern operative hysteroscopes

with additional risk of developing
endometrial polyps. Asymptomatic
polyps less than 2 cm in pre-
menopausal women may be moni-
tored by the physician. However, in
patients with risk factors for endome-
trial neoplasia (ie, postmenopausal
age, personal or family history of
ovary/breast/colon/endometrial can-
cer, tamoxifen use, chronic anovula-
tion, obesity, unopposed estrogen

Modern operative hysteroscopes rely on a variety of different-sized optical,
inflow, outflow, and working channels to enable clear visualization of the
endometrial cavity as well as the surgical removal of intracavitary lesions

such as polyps and myomas.

rely on a variety of different-sized
optical, inflow, outflow, and working
channels to enable clear visualization
of the endometrial cavity as well as the
surgical removal of intracavitary le-
sions such as polyps and myomas.

This review examines the relative
merits of various hysteroscopic treat-
ment options with a focus on the
most recent operative hysteroscopic
technique, hysteroscopic morcella-
tion, and how this new technology
fits into the armamentarium of the
gynecologist.

Intrauterine Pathology

Endometrial polyps are one of the
most common intrauterine lesions as-
sociated with abnormal bleeding
symptoms; polyps are found in 10%
to 40% of symptomatic women and
up to 12% of asymptomatic women.’
The great majority of symptomatic
endometrial polyps occur in pre-
menopausal women, with the highest
incidence in the fifth decade of life.*
In addition to causing bleeding symp-
toms such as menorrhagia, metror-
rhagia, or intermenstrual spotting,
endometrial polyps may be associated
with subfertility or premalignant and
malignant tissue changes. The use of
tamoxifen and conditions such as
Lynch syndrome may be associated
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therapy), any lesion should be re-
moved and sent for pathologic exam-
ination. In symptomatic patients, it
has been reported that polypectomy
results in improvement of symptoms
in 75% to 100% of women.”
Leiomyomas, the most common gy-
necologic tumor, are found in up to
70% to 80% of women.® Risk factors
for uterine fibroids include black race,
early menarche, and low parity; non-
specific hereditary factors have also
been implicated.*” Myomas in the
submucosal location specifically may
cause abnormal uterine bleeding or
subfertility, and are amenable to hys-
teroscopic removal. The European
Society of Gynaecological Endoscopy
(ESGE) classifies submucosal myomas

as Type O if the entire lesion is intra-
cavitary, Type I if less than 50% ex-
tends into the myometrium, and Type
II if greater than 50% of the myoma is
intramyometrial (Figure 1).> A corre-
lation has been found between the
depth of myometrial involvement and
rate of complete resection at time of
hysteroscopy; Type II myomas have
the lowest rate of complete resection
at 619% to 83%.%° Large fibroid size
may also be associated with risk of re-
currence or incomplete resection, with
fibroids larger than 3 to 4 cm often
requiring repeat procedures' and my-
omas larger than 6 cm demonstrating
both high recurrence and high com-
plication rates." To further refine the
preoperative classification of submu-
cosal myomas as a means of predict-
ing complete resection, Lasmer and
colleagues introduced the STEPW
(size, topography, extension, penetra-
tion, wall) Classification system in
2005 (Figure 2) and recently demon-
strated significant improvement in its
prognostic capabilities as compared
with the older, simpler ESGE classifi-
cation system.'?

Another pathologic entity that is
amenable to hysteroscopic removal
is retained products of conception.
Tissue remaining in the uterus follow-
ing a pregnancy event, either placen-
tal or fetal, may cause abnormal
bleeding, pain, or infection. Pelvic
ultrasonography may be useful to

Figure 1. European Society of Gynaecologi-
cal Endoscopy classification. Submucosal
myomas are classified as Type 0, Type I, or
Type II, depending on the depth of myome-
trial penetration.
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0 <2 Low <1/3 0
1 >2-5 Middle >1/3-2/3 < 50% +1
2 >5 Upper > 2/3 > 50%

Score + + +

0to4 1 Low complexity hysteroscopic myomectomy
5to6 1l High complexity hysteroscopic myomectomy
Consider GnRH use?
Consider two-step hysteroscopic myomectomy
7t09 1l Consider alternatives to the hysteroscopic technique

Figure 2. STEPW (size, topography, extension, penetration, wall) classification system. GnRH, gonadotropin-releasing hormone. Reproduced with permission from Lasmer RB et al.'

identify the retained products of con-
ception, although findings of thick-
ened and irregular endometrium do
not perfectly correlate with this diag-
nosis.” In some cases, hysteroscopy
may offer the dual advantage of a
sensitive diagnostic tool and con-
comitant therapeutic intervention for
this postpartum complication.'*

Traditional Operative Techniques
Many options exist for the treatment
of intrauterine lesions. Dilation and
curettage, a blind procedure guided by
tactile feedback, may be used as a di-
agnostic procedure to obtain tissue for
pathologic examination, a temporiz-
ing measure for heavy uterine bleed-
ing, or as a treatment of abortion, ab-
normal pregnancy event, and retained
products of conception. Complications
may include recognized or unrecog-
nized uterine perforation or trauma,
infection, or formation of intrauterine

adhesions. With regard to surgical
treatment of endometrial polyps, a
hysteroscopically guided procedure
has been demonstrated to have supe-
rior efficacy compared with the blind
approach with sharp curettage or
polypectomy forceps.'"

Hysteroscopic resectoscopy utiliz-
ing a radiofrequency (RF) energy
device can be used to remove large
polyps and submucosal myomas, or
for the treatment of less common
conditions such as intrauterine
synechia or uterine septa. A monopo-
lar or bipolar energy source may be
used depending on surgeon prefer-
ence. Choice of distending media
varies depending on which energy
modality is used, but careful fluid
management is critical to ensure pa-
tient safety in both circumstances.
Monopolar electrosurgery requires a
nonconducting, electrolyte-poor fluid
such as glycine, sorbitol, or mannitol
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to prevent dispersion of the electrical
current. Bipolar electrosurgery may
be performed with isotonic solutions
such as normal saline or lactated
Ringers. The nonconductive disten-
sion media carry additional risks of
volume overload and electrolyte de-
rangements with brain damage and
deaths reported secondary to hy-
ponatremia'®; accordingly, there is a
lower threshold for hysteroscopic
fluid deficit in these cases. Loop or
rollerball electrodes that may be used
in resectoscopy have the advantage
of coagulating bleeding vessels as the
procedure progresses, but often leave
surgeons battling tissue “chips.” Thin
strips of resected tissue, or chips, are
created as the case proceeds and need
to be periodically removed from the
uterine cavity to enhance visualiza-
tion. With larger myomas, the time
spent in chip removal can be sig-
nificant. These tissue fragments are
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Hysteroscopic Morcellation for Treating Intrauterine Pathology continued

typically sent for pathologic exami-
nation. Vaporizing electrodes may
also be used, obviating the need for
frequent chip removal but preclud-
ing pathologic examination of the
specimen.

Hysteroscopic Morcellation

Although hysteroscopic loop-electrode
resectoscopy provided a reliable
method for removing intrauterine
pathology for many years, the disten-
sion media issues, risks of perforation,
and visual field limitation created by
resected chips all combined to en-
courage the development of alternate
treatment methods. One such alterna-
tive is hysteroscopic morcellation.
Using a modified prototype based
on an orthopedic arthroscopic tissue
shaver, Dr. Mark Hans Emanuel of
The Netherlands was able to create a
first-generation device that used me-
chanical energy rather than electrical
energy to resect uterine tissue.

TRUCLEAR™ Hysteroscopic
Morcellator

In 2005, the US Food and Drug
Administration (FDA) approved the
TRUCLEAR™ hysteroscopic morcella-
tor (Smith & Nephew, Andover, MA)
as the first mechanical morcellator
for intrauterine pathology. This
device uses a single-use rigid metal
inner tube with cutting edges that
rotate and/or reciprocate within a
4-mm rigid metal outer tube. The
outer tube incorporates a side-facing
cutting window at its distal end (Fig-
ure 3). The blade assembly is secured
to a reusable hand piece to which a
suction tube is attached. The hand
piece is also connected to a motor
control unit. Suction is applied to the
inner tube and tissue is then pulled
into the cutting window as the inner
tube rotates at 1100 rpm.'” The re-
sected tissue is then aspirated through
the device into a collecting pouch
for later histopathologic analysis. The
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Figure 3. TRUCLEAR™ hysteroscopic mor-
cellator (Smith & Nephew, Andover, MA) A
and cutting blades. (A) TRUCLEAR hystero-
scope with cutting blade inserted. (B)
TRUCLEAR rotating cutting blade. (C) TRU-
CLEAR reciprocating blade. Note beveling on
the inner surface of the blade. Images courtesy
of Smith & Nephew, Inc.

entire device is introduced into the
uterine cavity with a custom-designed
9-mm outer diameter, rigid, continuous-
flow, 0° hysteroscope that requires
a custom-designed high-flow Smith
& Nephew fluid pump for proper
functioning.

MyoSure® Tissue Removal System

In 2009, the FDA approved a second
hysteroscopic morcellation device—
the MyoSure® Tissue Removal System
(Hologic, Bedford, MA). Like the first
generation TRUCLEAR, the second
generation MyoSure system relies on
a suction-based, mechanical energy,
rotating tubular cutter system rather
than the high-frequency electrical en-
ergy historically used by resectoscopy
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systems to remove intrauterine tissue.
However, the newer MyoSure system
has a smaller 2.5-mm inner blade that
rotates and reciprocates within a
3-mm outer tube at speeds as high as
6000 rpm and presents an outer bevel
rather than an inner bevel on the ro-
tating blade edge (Figure 4)."* The
blade and hand piece are combined
into a single-use device that is then
attached to suction and a motor con-
trol unit. The device is introduced into
the uterus through a 6.25-mm offset
lens, 0° custom-designed continuous
flow hysteroscope that is compatible
with all currently available fluid
management systems (although the
device functions better with higher-
flow, higher-pressure pumps). Table 1
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Figure 4. MyoSure® Tissue Removal System
(Hologic, Bedford, MA). (A) MyoSure system
hysteroscope, hand piece, and motor drive.
(B) MyoSure system blade inserted through
hysteroscope. Note beveling on the outer sur-
face of the blade. Photos courtesy of Hologic.

Table 1
Comparison of Device Characteristics of TRUCLEAR™ Hysteroscopic
Morcellator and MyoSure® Tissue Removal System

Morcellator Characteristic TRUCLEAR MyoSure

Device outer diameter 4 mm 3 mm

Hysteroscope outer diameter 9 mm 6.25 mm

Pump compatibility Smith & Nephew Any fluid management
pump system

Blade rotational speed 1100 rpm 6000 rpm

Blade edge Inner bevel Outer bevel

Maximum rate of suction 200 mm Hg 400 mm Hg

TRUCLEAR™ hysteroscopic morcellator (Smith & Nephew, Andover, MA)
MyoSure® Tissue Removal System (Hologic, Bedford, MA)

provides a comparison between the
TRUCLEAR and MyoSure systems.

tissue must be thought of in terms of
three-dimensional rather than two-

Regardless of the methodology used to resect intrauterine pathology, it is im-

portant to remember that resected tissue must be thought of in terms of

three-dimensional rather than two-dimensional measurements.

Hysteroscopic Morcellation Technique
Regardless of the methodology used
to resect intrauterine pathology, it is
important to remember that resected

dimensional measurements. Thus, in-
creasing pathology diameter yields a
exponential rather than linear increase
in volume following the equation
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v = wd*|6 (see Figure 5). This mathe-
matical consideration becomes im-
portant as one plans a surgical ap-
proach for submucous myomas in
which the resection rate and proce-
dure time will be a function of the
volume, density, and type of myoma
tissue. With loop resectoscopy, the
amount of tissue removed per minute
will depend on (1) how quickly the
surgeon deploys each pass of the
loop, (2) how much tissue each bite
with the loop resects, and (3) how
quickly the tissue chips can be re-
moved from the uterine cavity. On the
other hand, with hysteroscopic mor-
cellation, the amount of tissue
removed per minute will only be a
function of (1) how much contact the
cutting window maintains with the
myoma and (2) how quickly the de-
vice can cut tissue and aspirate it out.
Because the devices’ cutting speeds
are relatively fixed by their design
characteristics, minimizing procedure
time mostly depends on maintaining
tissue contact between the cutting
window and the pathology. Learning
the correct resection technique, al-
though not difficult, is of prime impor-
tance with hysteroscopic morcellation.

Morcellation Versus Resectoscopy

For polyps and Type I and Type II
submucous myomas, hysteroscopic
morcellation has been demonstrated
to be both faster and easier to learn
than traditional resectoscopy. The
earliest published trial with a hystero-
scopic morcellation device by
Emanuel and colleagues showed a
significant reduction in operating
room time when removing polyps and
Type I and Type II submucous my-
omas. In that study, polyps were re-
moved with a 72% reduction in oper-
ating room time with a morcellator as
compared with a resectoscope (8.7
min vs 30.9 min), whereas Type 0 and
Type I myomas were removed in 61%
less time, respectively (16.4 min vs
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Figure 5. Volume as a function of diameter (v = wd’/6).”>

42.2 min)." Similarly, in a 2008 trial
by van Dongen and associates, 60
patients with intrauterine pathology
consisting of either a polyp or a
Type 0 myoma or Type I myoma

to remove chips when the morcella-
tor was used (number of insertions =
1 [range, 1-2]) compared with the re-
sectoscope (number of insertions = 7
[range, 3-50]).%°

In a 2008 trial by van Dongen and associates, 60 patients with intrauterine
pathology consisting of either a polyp or a Type 0 myoma or Type I myoma
smaller than 30 mm were randomized to either hysteroscopic morcellation or
loop-electrode resection. The morcellation group demonstrated a 38% reduction
in operating room time as well as a 32% reduction in distention media used.

smaller than 30 mm were random-
ized to either hysteroscopic morcel-
lation or loop-electrode resection.
All the procedures were performed
by residents in training under the di-
rect guidance of an attending physi-
cian. The morcellation group demon-
strated a 38% reduction in operating
room (OR) time (17 min vs 10.6 min;
P = .008) as well as a 32% reduction
in distention media used (5050 mL vs
3413 mL; P = .041). Not surprisingly,
the trial also demonstrated a marked
reduction in the number of insertions
and reinsertions of the hysteroscope
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Looking again at polyps and Type I
and Type II submucous myomas but
using the newer MyoSure device,
Miller and coworkers reported aver-
age polyp morcellation times of 37
seconds and average myoma morcel-
lation times of 6.4 minutes for Type O,
I, and II myomas with a mean diame-
ter of 31.7 mm.” These data were fur-
ther validated in a recent abstract by
Lukes, who reported wusing the
MyoSure device to remove 6 myomas
(= 3 c¢m) and 20 polyps in 13 women
with a mean resection time of 84 sec-
onds. All 13 procedures were per-

REVIEWS IN OBSTETRICS & GYNECOLOGY

formed in an office setting using
local anesthesia with average pain
scores < 1 using the Wong-Baker
Faces Rating Scale (no pain = O;
worst pain = 10).%

MyoSure Device Versus

TRUCLEAR System

Although in vivo accurate measure-
ments of tissue resection speed are
challenging to conclusively determine
due to surgeon and pathology varia-
tions, in vitro measurements have
been performed to assess the tissue
resection characteristics of the differ-
ent devices. As part of an IRB-
approved FDA submission study in
2008, the author (JAG) compared a
working MyoSure device prototype
with a TRUCLEAR device to assess tis-
sue resection speed. Fresh, discarded
uterine leiomyoma tissue was placed
in a saline-filled container and each
device was placed directly on the
tissue in alternating 5-minute inter-
vals for 30 minutes. The trial was re-
peated on three different myoma
specimens. The study was designed to
compare tissue cutting on identical
tissue and to assess decline of cutting
speed over time as a result of blade
dulling. The results are presented in
Table 2 and demonstrated graphically
in Figure 6.2 As these data demon-
strate, both devices are capable of re-
secting submucous myomas 3 cm in
diameter (~15 c¢c®) in 15 minutes or
less, although the MyoSure device
was consistently faster at tissue re-
moval at every time interval despite
its smaller diameter.

In addition, the smaller diameter of
the MyoSure hysteroscope (6.25 mm)
compared with the TRUCLEAR hys-
teroscope (9.0 mm) makes the
MyoSure device potentially more
compatible with an oral sedation/
cervical block anesthesia protocol and
therefore amenable to office-based
treatments of polyps and Type O or I
submucosal fibroids.*
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Table 2
MyoSure® Tissue Removal System Versus TRUCLEAR™ Hysteroscopic
Morcellator Tissue Cutting Performance

Tissue (g) Test

System Time (min) 1 2 3 Avg

M 5 12.9 10.6 14.9 12.8
10 15.9 11.0 13.0 13.3 SD
15 12.2 4.8 17.2 11.4 3.3

20 10.1 7.8 14.4 10.8

25 11.3 7.6 6.8 8.6

30 10.7 12.5 8.4 10.5

SN 5 6.4 2.7 5.2 4.8
10 4.6 8.5 6.1 6.4 SD
15 10.5 8.7 4.9 8.0 3.2

20 10.6 1.6 13.0 8.0

25 Clog 5.8 2.3 4.1

30 Clog 6.5 5.3 5.9

Clog, morcellator could not be cleared; IM, Interlace Medical; SD, standard deviation; SN,

predicate device.
Data from Greenberg JA et al.”’
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Figure 6. MyoSure® Tissue Removal System (Hologic, Bedford, MA) versus TRUCLEAR™ hysteroscopic morcellator
(Smith & Nephew, Andover, MA) tissue cutting performance in average grams per minute over 30 minutes. IM,

Interlace Medical; SN, predicate device. Data from Greenberg JA et a

Summary

Endometrial polyps and submucous
myomas represent a common gyneco-
logic problem that frequently requires

1.23

surgical intervention. Although tradi-
tional hysteroscopic resection with a
loop electrode has been a reliable tool
for the gynecologic surgeon, its use

VOL. 4 NO. 2 20M

typically requires a large diameter
hysteroscope (7-9 mm outer diame-
ter), hypotonic distension media, and
a well-anesthetized patient. Further,
the loop resectoscopy process invari-
ably produces vision-obscuring tissue
chips and introduces a significant risk
for uterine perforation.

Conversely, in patients with polyps
or Type 0 and Type I submucous my-
omas, hysteroscopic morcellation al-
lows for the use of smaller diameter
hysteroscopes that require less cervi-
cal dilation and less anesthesia
without sacrificing procedure time.
Moreover, with these newer, smaller
morcellating devices, hysteroscopic
procedures that were once confined to
the OR may slowly gravitate into the
office where patients, physicians, and
third-party payers can all realize sig-
nificant cost savings and efficiency
improvements. [ ]

Dr. Greenberg was a paid consultant on
the medical advisory board of Interlace
Medical, Inc., the original manufacturers
of the MyoSure device.
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Main Points
e In patients with risk factors for endometrial neoplasia (ie, postmenopausal age, personal or family history of
ovary/breast/colon/endometrial cancer, tamoxifen use, chronic anovulation, obesity, unopposed estrogen therapy), any lesion
should be removed and sent for pathologic examination.

Myomas in the submucosal location specifically may cause abnormal uterine bleeding or subfertility, and are amenable to hys-

teroscopic removal.

Another pathologic entity that is amenable to hysteroscopic removal is retained products of conception. Tissue remaining in the
uterus following a pregnancy event, either placental or fetal, may cause abnormal bleeding, pain, or infection.

Although hysteroscopic loop-electrode resectoscopy provided a reliable method for removing intrauterine pathology for many
years, the distention media issues, risks of perforation, and visual field limitation created by resected chips all combined to en-
courage the development of alternate treatment methods. One such alternative is hysteroscopic morcellation.

With hysteroscopic morcellation, the amount of tissue removed per minute will only be a function of (1) how much contact the
cutting window maintains with the myoma and (2) how quickly the device can cut tissue and aspirate it out. Because the devices’
cutting speeds are relatively fixed by their design characteristics, minimizing procedure time mostly depends on maintaining tis-
sue contact between the cutting window and the pathology. Learning the correct resection technique, although not difficult, is of
prime importance with hysteroscopic morcellation.

Hysteroscopic morcellation allows for the use of smaller diameter hysteroscopes that require less cervical dilation and less anes-
thesia without sacrificing procedure time. Moreover, with these newer, smaller morcellating devices, hysteroscopic procedures that
were once confined to the operating room may slowly gravitate into the office where patients, physicians, and third-party payers
can all realize significant cost savings and efficiency improvements.
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