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ltrasonography has been an integral part of gynecology and general surgery in recent years. New tech-

nology has allowed this modality to be extended to include .intraoperative assessment through a laparo-

scopic approach. This allows more accurate imaging with higher resolution than previously attainable.

Combining the ultrasonic and visual images on the monitor screen simultaneously (picture in a picture) al-

lows a further dimension of information which can modify surgical direction. The equipment used by the au-

thor is described and clinical experience discussed. Further clinical applications are considered and the prac-

ticality of the methodology assessed.

It is unlikely that any field has been ad-
vanced more by ultrasonography than ob-
stetrics and gynecology. Since the first
real-time images some 25 years ago, ul-
trasonography has aided and directed di-
agnosis to an ever increasing degree. It is
unusual for a patient to give birth without
at least one ultrasound scan during the
course of the pregnancy and ofte; scans
are multiple. It is also unusual for any pa-
tient to undergo gynecological surgery
without preoperative ultrasound assess-
ment. The modality was enhanced signifi-
cantly with the arrival of the vaginal ultra-
sound probe 10 years ago. Most
gynecologists have access to this in their
offices and clinics. We have come to rely
on this modality in as great a way as we
rely on physical examination and, al-
though armed with this information upon
arriving in the operating room, the
modality has not been easily accessible in-
traoperatively until recently. It has been
thought that the availability of intraoper-

ative ultrasound would improve the accu-
racy of diagnosis. I The development of la-
paroscopic probes now makes this possi-
ble. In addition, Doppler technology,
needle biopsy guides, and digital video
mixing to incorporate both visual and
ultrasound images on the screen simulta-
neously have added to convenience and
accuracy.

ULTRASOUND

Ultrasound, by definition, is sound be-
yond the ability of the human ear to per-
ceive. It is high frequency sound waves
that exceed 20,000 cycles per second.
Measured as hertz (Hz), the frequency
refers to the number of waves that pass a
given point per unit of time. Commonly,
the transducers used in diagnostic ultra-
sonography operate at frequencies of 2
million to 10 million Hz, or 2 to 10 mega-
hertz (MHz). High resolution of image is
achieved with higher frequency, but pene-
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tration of tissue is lower. The reverse is
true for lower frequencies. It is therefore
necessary for different probes to be uti-
lized in different clinical applications.
Abdominal ultrasound probes are usually
in the range of 3.5 to 5 MHz while most
transvaginal probes operate at 5 to 7.5
MHz. Laparoscopic probes, although only
recently available, have utilized 7.5 to
10.0 MHz.

Transducers have been designed in a
number of different formats. There is a
linear array in which a l?ngitudinal series
of transducer crystals are arranged in se-
quence and also an annular array scanner
that has serial transducers arranged in
concentric rings. A sector scanner incor-
porates a single transducer that moves
through a prescribed arc, usually 90 de-
grees. Curvilinear transducers incorpo-
rate principals of both linear and sector
methods. The system utilized by this au-
thor is a sector scanner which is geomet-
rically moveable over 90 degrees within
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Figure 1. Ultrasound system withlO-mm laparoscopic probe.

Figure 3a_ Right adnexal mass described by radiologist as an enlarged right
ovary with multiple follicular cysts. Pelvic mass appears benign in preopera-
tive examination.

Figure 2. Delineation of ovarian cyst from normal ovarian tissue aiding
surgery.

Figure 3b. Intraoperative assessment-more ominous.

Figure 4 (a, bl, Examination of different depths of the liver reveals involvement of the peritoneal surface only in this case of pseudo-myxoma peritonei.

Figure 4a. Figure 4b.
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the probe so that a field of 180 degrees
can be evaluated without moving the
probe (Fig. 1).

Although ultrasound at high power
can be destructive and is utilized as such,
for example, in physical therapy and
urology, no problems have been associ-
ated with diagnostic ultrasound and there
are many in vitro and animal studies to
confirm this. '·9

MATERIALS AND METHODS

The [aparoscopic ultrasound system
utilized is a Sharp Ian u Sight 9010 used
in conjunction with a Sharp Ian i Sight
8010 camera and bi Sight digital video
mixer (Sharplan Lasers, Inc., Allendale,
N.J.).

The Sharplan u Sight 9010 is a real-
time 2-dimensionaf mechanical sector
scanning diagnostic ultrasound system. A
variety of probes are available including
10-mm laparoscopic probes of either 8
MHz or 10 MHz, intraoperative abdomi-
nal probe of 10 MHz, general abdominal
probe of 3.5 MHz, transvaginal probe of
6.5 MHz, and transrectal probe of 6.5
MHz. Only the laparoscopic 8 MHz probe
is described in this report.

The system consists of the ultrasound
control unit which controls the energy
transmitted to and from the probe and
processes the signals to display real-time
images. A keyboard with track ball allows
for control of the system and the laparo-
scopic probe utilized is 10 mm in diam-
eter and can be passed through a 10-mm
laparoscopic cannula (Fig. 1). The 90-
degree sector scanner is maneuverable
within 180-degree field of view and re-
mote control is accessible on the handle of
the probe and includes image freezing,
programming changes in depth, gain and
TGC, and direction of the sector scanner.
A high resolution monitor is required to
display the image. The probe is sterilized
by soaking, as is the cord.

The i Sight is a single chip digital endo-
scopic camera which has pixel-by-pixel
sensitivity control enabling real-time visu-
alization of both bright and dark areas. It
features edge enhancement, high resolu-
tion and also a fuzzy-logic automatic shut-
ter and shutter speed. Remote control op-
eration is possible and there is extended
zoom range. The camera head weighs 4.6
ounces and can be sterilized by soaking.
The minimum sensitivity is 3 lux at fl. 2.
The zoom is f 20-45 and the signal to noise
ratio is better than 55 db. The image pro-
cessing technology essentially reduces the
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Figure 5. Seventy-year-old patient with adnexal mass. Intraoperative ultrasound reveals fluid rather than
solid tubal enlargement.

overexposed areas to eliminate glare,
brightens the dark areas to improve visibil-
ity and enhances details to create sharp im-
ages. The picture occasionally appears
somewhat grainy at dark areas but, when
compared to other cameras, appears to il-
luminate more of the field.

The bi Sight digital video mixer allows
simultaneous ultrasound and video image
on the screen at any time in variable sizes
and reversible bias. Digital stores of sev-
eral hundred images with full data man-
agement are also built in and image re-
trieval is simple and quick. The bi Sight
system is controlled from the front panel
of the mixer and requires a circulating
nurse to operate if the surgeon is
scrubbed.

CLINICAL EXPERIENCE

Evaluation of the clinical applications
of the modality was performed by having
the equipment available in all cases of la-
paroscopic surgery. Ureters, vessels and
organs were all examined whenever
possible.

In cases of ovarian cysts, it is possible to
clearly delineate the margins of the cyst,
thus enabling more accurate cystectomy
(Fig. 2). In another circumstance, a pelvic
mass previously looking benign on trans-
vaginal ultrasound (Fig. 3a), in the opinion
of the radiologist had much more ominous
findings intraoperatively (Fig. 3b). In the
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same case, which turned out to be pseudo-
myxoma peritonei, an implantation on the
liver was evaluated showing only peri-
toneal involvement (Fig. 4).

In the case of a 70-year-old patient with
an adnexal mass, laparoscopic findings
were of bilateral hydrosalpinges. Without a
history of pelvic inflammatory disease, it
was possible to see that these were indeed
hydrosalpinges and did not involve a solid
tumor, allowing for safer surgery (Fig. 5).

In a case of tubo-ovarian abscess forma-
tion suspected, but not confirmed prior to
surgery, the intraoperative ultrasound
findings were helpful as the mass was
largely retroperitoneal and dissected ante-
riorly between the bladder and the lower
segment of the uterus. Surgery, ultimately
a hysterectomy and bilateral salpin-
goophorectomy, was performed more eas-
ily (Fig. 6).

Other incidental advantages included a
greater ability to evaluate the abdomen
than with laparoscopy alone. It is routine
in abdominal surgery to explore the ab-
domen by palpation. This is not possible la-
paroscopically but now with ultrasound
the gallbladder, liver, bladder (Fig. 7), and
kidneys can be quickly and easily evaluated
and margins delineated.

Hysteroscopic surgery can be aided
by this modality as with extensive lysis
of intrauterine adhesions or removal
of myomas or septae. The instruments
can clearly be seen by simultaneous
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Figure 6a. Right-sided pelvic mass adjacent to uterus appears homogenous
on transvaginal ultrasound.

Figure 6b. Intraoperative ultrasound shows heterogenicity more clearly.

Figure 7 la, b). Evaluation of the ga"bladder with either ultrasound-dominant 17a) or visual-dominant 17b) images.

Figure 7a.

Figure 7c. Assessment of the liver parenchyma by direct contact ultrasound.

Figure 7b.

Figure 7d. Delineation of the bladder at the time of laparoscopic surgery.
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Figure 8. Evaluation of hysteroscopic procedure.

laparoscopic ultrasound thus diminishing
the chance of uterine perforation present
when using other monitoring methods
(Fig. 8).

DISCUSSION

The accuracy of ultrasound is dimin-
ished by the distortion of sound waves
passing through intervening tissue, which
varies tremendously from person to per-
son and organ to organ. 10When compared
to laparoscopic evaluation, ultrasound ex-
tracorporeally has been shown to be infe-
rior." With intraoperative ultrasound, the
closeness of the organ to be examined and
the frequency of the scan head can be ex-
tremely high and consequently resolution
is superior. 1It is also possible to "see" be-
yond the line of sight; for example, in the
presence of intra-abdominal adhesions the
sound waves may obtain an image beyond
the adhesion enabling safer and more accu-
rate surgery. '

One of the disadvantages of laparo-
scopic surgery is the lack of the surgeon's
ability to palpate tissue. Intraoperative
ultrasound may be a substitute for this"
and has been described as indispensable. 12

Most of the literature relative to intra-
abdominal Iaparoscopic ultrasound relates
to general surgery and oncology. It has
been shown to be beneficial in the evalua-
tion and staging of tumors of the pan-
crcas ;!':" esophapus ," colorectal and
liver.12.13.15.1n2.24.25Surgical staging has been

enhanced. 1719Biopsies have been enabled
more accurately and safelio,2022and accu-
racy of surgical excision improved. 18.23In
renal transplantation the postoperative
complication of lymphocele can be ad-
dressed by ultrasound-guided Iaparoscopic
drainage. 16

In gynecology ovarian masses have
been evaluated more accurately with in-
traoperative ultrasound finding informa-
tion in addition to that acquired preoper-
atively by ultrasound in a high percentage
of cases.' In fact, additional information
has been gleaned with this modality in
many studies. 15,24-28

It is a common and appropriate prac-
tice for relevant X-rays to be taken to the
operating room for evaluation by the sur-
geon at the time of surgery. Ultrasound is
more difficult to evaluate in such a manner
as the points of reference change depend-
ing upon the angle and position of the
transducer. It is not always practical to take
more traditional ultrasound equipment
into the operating room with both an ul-
trasonographer and radiologist. Therefore,
if the surgeon can adequately evaluate ul-
trasound images him or herself and
control the image obtained, this should re-
move the obstacles of inconvenience in
achieving more information.

Most gynecologists are adept at vaginal
probe ultrasound evaluation. Most often,
the same structures can be evaluated intra-
abdominally with less distortion of inter-
vening tissue. There is certainly a learning
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curve involved for those unfamiliar with
ultrasound" and training methods have
been suggested for those unfamiliar with
the modality. 30

The laparoscopic probe utilized in this
report involves a moveable sector scanner
which improves ease of use. As opposed
to linear scanners which obtain and image
at right angles to the direction of the
probe, the sector scanner "looks right
ahead" and can be adjusted anteriorly or
posteriorly as previously mentioned.
Although not available to this author,
Doppler imaging is available with this
equipment and may be helpful in evalua-
tion of vasculature. A needle biopsy guide
was available but not evaluated.

CONCLUSIONS

Laparoscopic ultrasound offers an
extension of a previously well established
modality into the operating room. The
equipment described provides ease of use
and convenience which previously has
been unavailable. The part that this will
play in laparoscopic surgery remains to be
seen but there are distinct advantages in
improving accuracy of diagnosis and ther-
apy, with little additional operative time
or training necessary on the part of the
surgeon. This is user-dependent technol-
ogy and the usefulness of this equipment
will be additionally improved as experi-
ence increases. E:IiI
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