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Laparoscopic Ultrasonography:
Limits and Potential of Present Technologies

M. M. Lirici, M. Caratozzolo, V. Urbano, L. Angelini
4th Department of Surgery, University of Rome, La Sapienza, Rome, Italy

During recent years, laparoscopic contact sonography has
been introduced into clinical practice to remedy the limita-
tions of minimal invasive surgery. The technology of laparo-
scopic ultrasound probes is described in this paper as well as
the technique of US contact scanning via the laparoscopic ap-
proach. This method is a tool which allows the examination of
" tissues and non-palpable parenchymal organs in endoscopic
surgery, thus permitting correct assessment of both anatomy
and the spreading of neoplasms, with consequent impact
upon surgical decision making.

Key Words: Laparoscopic Contact Sonography, Assessment
of Anatomy, Staging of Malignancies, Linear Transducers,
Convex Steerable Probes

Introduction

Many laparoscopic procedures have been developed since the
introduction of laparoscopic cholecystectomy. Nowadays, how-
ever, there is no doubt that laparoscopic cholecystectomy is the
gold standard for treating gallstones and that surgical treatment
of many other abdominal diseases via the laparoscopic approach
is effective (1,2). The expanded applications of interventional
laparoscopy and the possibility of performing advanced proce-
dures with this approach have made surgeons more aware of the

_limits of minimally invasive surgery. The loss of tactile sensa-
tion can handicap the surgeon, restricting his ability to explore,
identify and evaluate anatomical structures (3,4).

Such limitations not only prolong operating time but decrease
the safety of operative laparoscopy and the sensitivity of diag-
nostic laparoscopy. In fact, due to anatomical variability, iden-
tification of abdominal structures like vessels may challenge the
surgeon performing endoscopic procedures. The benefits of di-
agnostic laparoscopy derive from its use as an ultimate diagnos-
tic procedure in emergency situations as well as in oncology, not
only for establishing a correct diagnosis but also for staging
purposes and for influencing subsequent medical or surgical
treatment (5): lack of direct tissue manipulation may reduce the
efficacy of the method.

Contact sonography is a highly sensitive and specific means of
exploring the liver, the biliary tree, and the pancreas during
conventional open surgery. Its diagnostic accuracy is superior to
that of transabdominal ultrasound scanning and even to that of
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computed tomography in detection of hepatic and pancreatic
neoplasms (6—15). Specially developed ultrasonic probes can
be employed during laparoscopic procedures, thus overcoming
some of the limitations peculiar to endoscopic surgery. Laparo-
scopic ultrasonography is an auxiliary method with great poten-
tial and is under evaluation in several centres worldwide (4, 16—
18).

The advantages and present limitations of ultrasound (US) tech-
nology in laparoscopy, and the technical guidelines for in-
traoperative contact sonography without laparotomy are de-
scribed in the following.

Features of Laparoscopic US Probes

At the beginning of clinical US experience, laparoscopic contact
sonography was performed with currently available endolumi-
nal probes (i.e. for transurethral or transanal ultrasonography)
(16, 18). The shape and dimension of these probes met the needs
and requirements of laparoscopic US examination imperfectly,
resulting in poor sonographic imaging.

This early stage of laparoscopic ultrasonography was repre-
sented by the Briiel & Kjer 1850 rotating probe (Briiel & Kjer,
Neerum, Denmark) (Figure 1). This probe has a mechanical
rotating 5.5 MHz sector scanner which produces 3.5 pictures
per second with a viewing angle of 360°. Its focal depth is
between 1 and 4 cm and the working length 310 mm, thus limi-
ting exploration of parenchymal organs in obese patients. Be-
fore its introduction into the abdominal cavity, the probe’s tip is
covered by a protective tube filled with water, thus ensuring an
optimal acoustic coupling. Thanks to the small size, it is
possible to introduce this probe through an 11.0 mm cannula.

Other authors proposed the use of endoluminal transrectal linear
5 or 7.5 MHz probes for laparoscopic US. Because of its large
size, this type of probe requires larger bore cannulae (20 mm)
for insertion into the peritoneal cavity (18).

A step forward in laparoscopic contact sonography is repre-
sented by the development of dedicated probes like the Aloka
7.5 MHz electronic linear scanner.

In our unit both the Aloka UST-5522L probe, for equipment
provided with pulse-doppler, and the Aloka UST-5523L probe
(both from Aloka Co. Ltd., Tokyo, Japan), for units provided
with colour-doppler like the Aloka SSD-680 EX, have been
routinely used since 1993. The two probes are identical except
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for the connecting units, which differ in size, and in the opera-
tive software. The new version of this laparoscopic probe con-
sists of a 505-mm long metallic cylinder (instead of the previous
length of 405 mm). The external diameter is 10 mm, which is
compatible with introduction through conventional 11 mm can-
nulae (Figure 2). Inside the cylinder is a transducer with a
38 mm scanning width. It contains crystals with a mean oscil-
lating frequency of 7.5 MHz and utilises linear array technol-
ogy. Between the crystals and the transducer’s outer sheath, a
thin, oily film is interposed to provide acoustic coupling. US
imaging is performed with a high frequency multiple focus
transducer; such a transducer can also be used with an optical
imaging system for simultaneous optical and US imaging.

The electronic scanning process is controlled by the specific
software of the US equipment, which allows dynamic variation
of the focus according to the surgeon’s needs. By varying the
physical patterns of the US waves, it is possible to achieve
maximum axial and lateral resolution at the required depth. On
the other hand, the final resolution of the US image depends on
the characteristics of the US equipment itself, with a maximum
resolution of 512 X 512 x6 pixels and a capability of 60 pictures
per second, with 64 gray scale levels.

A 1.5m long water-proof electric cable connects the probe to
the equipment. The junction between the cable and the probe is
sealed by a water-proof rubber cap 12 mm in diameter. The
approximate probe weight, without connector and cable, is 90 g.

Depending on the system employed, it is possible to achieve not
only B-mode real time US scanning but also visualisation of
cither the qualitative flow analysis by means of colour flow
mapping or the quantitative spectral analysis by means of pulse
doppler. In this case, some of the crystals in the transducer are
utilised for doppler scanning at a different, generally lower,
oscillating frequency.

Technique of Laparoscopic US Exploration
Because of the probe’s stiffness and the restriction of move-

ments inside the peritoneal cavity due to the fixed entry point
on the abdominal wall, the technique of laparoscopic US explo-

Figure 1: The Briel & Kjae 1850 rotating scanner, conventionally
used for transurethral and transrectal US examinations.

ration varies depending on the area examined and the necessity
of achieving a complete contact between the transducer and the
tissue, thus avoiding air-related artefacts.

For exploration of the gallbladder, the biliary tree, and the supe-
rior and inferior aspects of the liver, introduction of the probe
through the epigastric working cannula just left of the midline,
is preferred (Figure 3a). Exploration of the liver parenchyma
starts at the surgical left lobe (2nd and 3rd segment), with trans-
verse scanning of the superior and inferior surfaces. Investiga-
tion of this area is greatly facilitated by the superficial position
of the liver and its proximity to the entry cannula.

The probe is then advanced under visual control past the falci-
form ligament, and the examination of the superior aspect of the
right lobe begins. Transverse liver planes are scanned for trans-
parenchymal examination of the gallbladder and the hepatic
hilum (Figure 4,5). The transducer is directed toward the hilum
to scan the right intrahepatic biliary system and the confluence
of the main hepatic ducts. To complete this part of the exami-
nation, scans of the inferior aspects of the liver are performed.
The exploration of the hepatic dome and lateral segments is best
carried out by moving the US probe from epigastric cannula to
the navel cannula and gently depressing the liver surface with
the transducer to achieve optimal contact and limit air artefacts
(Figure 3b). Despite care in the execution of US examination,
the investigation of the most cranial portion of the hepatic dome
and the pericaval area cannot be exhaustive because of the dif-
ficulty of approaching this region with straight, stiff probes.

The distal portion of the bile duct is investigated via both the
navel and the epigastric approaches: the former allows longi-
tudinal scanning of the choledochus down to the peripancreatic
area, the latter is preferable when transduodenal transverse
scanning of the intrapancreatic tract of the bile duct and the
ampulla of Vater is required (Figure 6).

The access ports utilised for laparoscopic contact sonography in
assessing disease and staging in oncology, depend on the area
being explored. Figures 7a,b show the placement of cannulae
during pelviscopy, when contact sonography of the uterus, the
salpinges, and the ovaries is attempted. The position of the
laparoscope and the US probe is interchanged for imaging both
transverse and longitudinal planes of the uterus and ovaries,
whereas the lateral ports are preferred for longitudinal scanning
of the salpinges. The scanning is better performed with the help
of an intrauterine probe which allows th hold the uterus in a
stable position.

In the assessment of pancreatic neoplasms, laparoscopic US is
carried out either through the subnavel port or the left epigastric
port (Figure 8a,b). The former approach allows transmesocolic
exploration of the body and tail of the pancreas; alternatively, a
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Figure 2: Technical drawing showing: A acoustic coupler, B transducer, C shaft of the Aloka UST-5522L probe.
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Figure 3: Position of laparoscopic cannulae
for US exploration of liver, gallbladder, and
biliary tree.

a | optic, Il laparoscopic US probe,

-1V auxiliary cannulae.

b For investigation of the lateral aspect of
the liver and common bile ducts, the posi-
tion of laparoscope and US probe is inter-
changed, thus allowing a better contact
between the transducer and the liver surface
and longitudinal scanning of the bile duct.
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Figure 4: US image of gallbladder containing a single stone.
a Photo

window is opened on an avascular area below the greater cur-
vature of the stomach and, after endoscopic inspection of the
lesser sac (19), the probe is advanced through this window to
scan the pancreatic body and tail (Figure 8¢). The latter ap-
proach, as previously described, is utilised for transduodenal
imaging of the pancreatic head.

Advantages, Limits, and Perspectives
The role and advantages of contact sonography are well de-

scribed in the literature. Precise anatomical assessment during
laparoscopic surgery is limited by the impossibility of manipu-

Gallbladder

5 ' Cholesterol crystal
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b Drawing for interpretation.

Gallbladder, stone with posterior acoustic shadow, duodenum,
intraparietal cholesterol crystal with posterior comet tail artefact sug-
gestive of cholesterolosis. hyperechogenic floating spots suggestive
of debris.

lating tissue. This is most evident when identification of vascu-
lar structures or evaluation of tumour spreading is required for
surgical decision making. Laparoscopic ultrasound imaging is a
simple and effective tool which facilitates surgery by allowing
detection of anatomical structures and lesions.

The laparoscopic probe is also used to determine the presence
of residual stones in the common bile duct during laparoscopic
cholecystectomy, thus eliminating the need for time-consuming
intraoperative cholangiography with the risk of X-ray exposure
and reactions to iodine contrast medium (Figure 9) (17). Com-
parative studies in open surgery have shown that intraoperative
US has a higher accuracy, specificity and sensitivity in detecting
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Figure 5: US image of hepatic hilum. b Drawing for interpretation.
a Photo

= Ampulla of Vater

Figure 6: US image of periampullary area (arrow). b Drawing for interpretation.
a Photo
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Figure 7: Position of laparoscopic cannulae
for US exploration of pelvis.

a | optic, lI-IIl laparoscopic US probe: such
a position allows transverse and oblique scan-
ning of uterus and ovaries and longitudinal
scanning of salpinges.

b | laparoscopic US probe, Ill optic: such a
position allows longitudinal scanning of
uterus and ovaries and transverse scanning
of salpinges.

C
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Figure 8: Position of laparoscopic cannulae for US exploration of pancreatic body and tail. ¢ | optic, Il laparoscopic US probe: this

pancreas. a | optic, Il laparoscopic US probe: such a position allows approach allows to enter the lesser sac with the probe, after opening
f transduodenal investigation of pancreatic head. b | laparoscopic US a small window in the gastrocolic ligament, for exploration of body
probe, Il optic: approach suitable for transmesocolic exploration of and tail of pancreas.

Ductus choledochus

Inferior vena cava

= S === = _Emnscoﬁcsvncékw E
Figure 9: US image of choledocal stones. b Drawing for interpretation.
a Photo
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Figure 10: US image of the distal portion of choledocus with colour
mapping of portal vein flow.
a Photo

Figure 11: The new Briel & Kjeer 8555 steerable laparoscopic trans-
ducer.

residual bile duct stones than intraoperative cholangiography
(intraoperative US sensitivity and specificity respectively: 92.3
to 93.7% and 98.6 to 98.8% versus 86.1 to 90.9% and 95.1 to
95.6% for intraoperative cholangiography) (20—23). With this
method it is also possible to check hypertrophy and the thick-
ness of the gallbladder and choledocal size and wall thickness.
On the other hand, the method is less effective than intraopera-
tive cholangiography in examining the ampulla of Vater, since
contact sonography cannot provide information equivalent to
that of dynamic fluoroscopy (21).

Detection of any ductal and vascular structures embedded in the
fat tissue can be achieved by using Doppler or colour Doppler
facilities, thus avoiding wide-tissue dissection and enhancing
the safety of surgery (24,25). Nevertheless, in our experience,
the Aloka UST 5522L and 5523L showed optimum sensitivity

Ductus choledochus
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b Drawing for interpretation.

at the centre of the sampling area, but correspondingly insuffi-
cient colour mapping in the presence of peripheral slow flows
(Figure 10).

Moreover, small metastatic lesions in the liver were found, al-
though these had remained clinically undetected in preoperative
examinations. Non-palpable swelling of lymph nodes was also
imaged (8—10). The accuracy of the method in the investigation
of parenchymal organs was demonstrated by Angelini et al. in
1983 (6): according to most authors, its specificity and sensitiv-

ity in detecting liver repetitions is close to 100% (15). This may "

influence surgical management of patients, guiding radical pro-
cedures or opening the way for palliative surgery (26). The
limitations of laparoscopic US imaging are mainly related to the
learning curve of the method and to the technical impossibility
of reaching remote organs with curved surface by rigid probes
fixed at the entry point to provide adequate contact between the
transducer and the tissue.

The divergence of ultrasonic waves with subsequent distortion
of the image portion proximal to the transducer, which is una-
voidable with sector, rotating, and to a lesser extent, convex
scanners, makes probes provided with such technologies less
suitable for laparoscopic use.

The technical limitations may be overcome by using newly-de-
signed probes like the commercially available B&K 8555 lapa-
roscopic transducer (B&K Medical, Gentofte, Denmark), which
is provided with a multifrequency convex scanner (5, 6.5,
7.5 MHz) and B-Mode, M-mode, spectral Doppler, and B-col-
our flow mapping facilities (Figure 11), or the prototype lapa-
roscopic miniconvex probe by Aloka which, because of its flex-
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ible tip, can be steered to gain optimal contact with the organ of
interest. The Aloka probe is provided with a 5 MHz convex
scanner with a smaller transducer than that of the linear probe
(20 mm). In this case, the choice to employ convex technology
was guided by mechanical considerations because of the diffi-
culty of steering tips longer than 40 mm as in the case of linear
scanners.

Further advances like tridimensional US imaging are expected
in the near future, as new US systems and equipments are
developed.

Conclusions

Laparoscopic surgery is being accepted as the surgery of choice
for many abdominal diseases for reasons of patient safety, post-
operative quality of life, and reduced patient recovery time. The
addition of ultrasound imaging may further reduce operating
time and influence surgical decisions by providing correct in-
traoperative assessment of surgical anatomy and disease spread.
The cost effectiveness of contact sonography in open surgery is
well known: laparoscopic ultrasound imaging may have an even
higher cost effectiveness, but prospective studies are required to
assess it precisely.
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