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Abstract

Starting from the end of the 1970s, intraoperative ultrasound was introduced and developed
to stage liver disease and guide the surgical interventions in patients with hepatocellular car-
cinoma. Without intraoperative ultrasound, it would probably be impossible to correctly de-
fine the hepatic segments as well as the limits of a tumor, also because of the existing wide
variations in the anatomy. More importantly, intraoperative ultrasound allows for three-di-
mensional reconstruction of the relationships between the tumor, hepatic veins, and Glisso-
nian pedicles. Such reconstruction is essential for planning the surgical strategy, which should
be individualized in each patient with the aim to spare functional liver parenchyma. This work
focuses on the role of intraoperative ultrasound to stage liver disease and to plan surgical
resection, describing the most recent technical achievements.  cCopyright © 2013 S. Karger AG, Basel

Introduction

Since the end of the 1970s, intraoperative ultrasound (I0US) has been used to stage liver
disease and to guide the surgical interventions in patients with hepatocellular carcinoma
(HCC) and underlying cirrhosis [1-4]. The burgeoning use of IOUS started in Japan and from

Guido Torzilli, MD, PhD

Liver Surgery Unit, Department of General Surgery

University of Milan School of Medicine, Humanitas Cancer Center
Via Manzoni 56, IT-20089 Rozzano (Italy)

E-Mail guido.torzilli @ humanitas.it

KARGER



Liver Liver Cancer 2013;2:16-24
Cancer DOI: 10.1159/000346421 © 2013 S. Karger AG, Basel
Published online: January 7, 2013 www.karger.com/lic

Donadon et al.: Intraoperative Ultrasound in Patients with Hepatocellular
Carcinoma: From Daily Practice to Future Trends

there it spread worldwide allowing for the development of different therapies to treat
patients with HCC [5]. This work focuses on the role of IOUS to stage liver disease and to plan
surgical resection, describing the most recent technical achievements.

Who Should Perform IOUS?

It is worth mentioning that IOUS should be performed by the surgeon in charge of the
operation rather than by assistants, radiologists, or technicians as the information gathered
during the exploration requires interpretation to be most profitable with the aim to impact
the surgical strategy. Indeed, nowadays 10US is equally performed to plan the surgical
strategy and to disclose the lesions. Therefore, the first surgeon should master ultrasound
anatomy and techniques with the aim to modify the operative strategy in real time whenever
required. In particular, patients with chronic hepatitis or cirrhosis demand a parenchyma-
sparing liver surgery to minimize the risk of postoperative liver failure, which still repre-
sents an important source of mortality [6, 7].

Technical Equipment

Generally, high-frequency probes (7.5-10 MHz) are recommended to perform 10US
since they allow for a higher spatial resolution than those working at lower frequencies
(3.5-5 MHz). However, those latter probes are very useful for the initial exploration provid-
ing a better panoramic view. Lower-frequency probes are also useful for allowing contrast-
enhanced intraoperative ultrasonography. The optimal probe in this sense should be the one
working within a wide range of frequencies. Different shapes of probes are available for
intraoperative use: linear T-shaped probes, interdigital probes, microconvex probes, and,
more recently, T-shaped probes with trapezoid scanning window. The best probe is the one
that ensures the optimal compromise between the volume of the probe itself, which should
be minimal, the scanning windows, which should be the largest, and the stability once in
contact with the liver surface. In this sense, microconvex probes and linear probes with
trapezoid scanning represent the optimal solutions (fig. 1). Of note, the performance of IOUS
may take time and requires experience to be effective and profitable [8].

Examination Technique

The ultrasound machine (fig. 2) should be placed in front of the first operator, with the
aim to simultaneously view the screen and the operative field. The screen must be large
enough to allow optimal visibility at that distance, and the assistants should then control
the machine’s keyboard that can be covered with a sterile drape. The liver exploration
should always start with the inspection and palpation of the organ together with the entire
peritoneal cavity. This should not be avoided in favor of IOUS because, as recently demon-
strated by Hata at al. [9], the inspection and palpation of the liver still play a significant role.
Once in the peritoneal cavity, liver mobilization starts with the division of the round and
falciform ligaments as well as of adhesions to free the anterior-superior and inferior surfaces
of the liver in order to get enough space to handle the probes for IOUS. Thus, by pulling the
round ligament, the liver surface is widely exposed, and following the examination of the
portal branches and hepatic veins, the entire liver can be studied.
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Fig. 1. a, b The microconvex probe (P) handled by the surgeon on the liver surface (a) and the correspond-
ing ultrasound image with a wide scanning window and showing the B-mode image together with a color
flow analysis (b; colored arrows indicate the blood flow direction). ¢, d A new T-shaped probe designed
for easy handling by the surgeon to comfortably allow maneuvers: the interposition of the electrocautery
(EC) for resection area demarcation (c) and an enlarged scanning window (d). T = Tumor; TT = tumor
thrombus.

Staging of HCC

In the modern era of multimodality treatments for patients with HCC, the precise
pretreatment staging of the disease is of paramount importance. While waiting for some
more specific and individualized molecular factors, the tumor number, tumor size, their
location in the liver as well as the morphology of the underlying liver, together with other
important parameters such as patient age, etiology, and residual functional reserve,
represent the main clinical parameters thatare taken into consideration to favor one therapy
over another. In particular, in patients indicated for surgery the pretreatment staging should
be very accurate to avoid oncologically useless and potentially risky operations.

1ous

Nowadays, the literature mainly supports the use of magnetic resonance imaging (MRI)
over the use of computed tomography (CT) for the diagnosis and staging of HCC [10]. MRI
with liver-specific contrast media allows for dynamic and functional studies of the liver
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Color version available online

Fig. 2. One of the most recent ul-
trasound machines.

parenchyma and has been found to be the mostaccurate modality to characterize focal liver
lesions [10, 11]. Moreover, the hepatobiliary phase represents an added value in the detection
and characterization of small nodules of uncertain nature [12]. The use of MRI over CT has
also been endorsed by the American Hepato-Pancreato-Biliary Association in a recent
consensus statement [13]. However, both CT and MRI have generally low sensitivity for
small lesions (<1 cm), which are those that can modify the therapeutic strategy. For such
small lesions, IOUS still remains the standard reference, and thus it should not be avoided in
favor of any new preoperative imaging technique [14]. However, a certain decrease in the
impact of IOUS in terms of staging is expected because such preoperative imaging tech-
niques as CT and MRI improve rapidly. Notably, IOUS can detect up to 30% more nodules in
cirrhotic livers; these are, however, more often regenerative nodules than tumors [15].
Indeed, IOUS in cirrhotic patients may overestimate the disease severity, and the perfor-
mance of intraoperative biopsy cannot be the solution because of the low accuracy of frozen
sections to differentiate early HCC from dysplastic or regenerative nodules. Figure 3a shows
a HCC with the typical mosaic pattern, while figure 3b shows a heterogeneous pattern of a
cirrhotic liver with a hyperechoic lesion, which could easily be misjudged as pathological,
but which has a low probability to really be an overt HCC [15]. To overcome this problem,
besides the mostaccurate preoperative staging, the use of contrast-enhanced IOUS (CEIOUS)
may be involved.

CEIOUS

Historically, carbon dioxide gas was initially used as contrast medium [16, 17]. Then,
first-generation contrast media that enabled systemic circulation through pulmonary
capillary vessels were developed, but with disparate results [18, 19]. Nowadays, second-
generation contrast media, which are more sensitive and resistant to ultrasound, have been
introduced [20, 21]. The most used second-generation contrast medium is SonoVue (gaseous
sulphur hexafluoride; Bracco, Milano Italy), which nowadays has a recognized diagnostic
role for liver disease [22]. Recently, in Japan a new second-generation contrast medium has
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Fig. 3. a Typical mosaic pattern of HCC (arrows). b Liver with irregular echo pattern showing an hyper-
echoic nodule (arrow).

Color version available online

Fig. 4. Typical dual ultrasound
image of HCC (arrows). a 10US;
b CEIOUS. fa = Feeding artery;
P5-8 = portal pedicle to the right
anterior section.

been used, Sonazoid (gaseous perflubutane; GE Healthcare, Norway), that has the advantage
of Kupffer imaging in addition to vascular imaging, thus theoretically providing greater
diagnostic accuracy [23].

Generally, in HCC CEIOUS is mainly used for the differential diagnosis of new lesions
eventually detected at IOUS [24]. The rationale is, in fact, to improve the specificity of the
basic IOUS in cirrhotic patients who present with multiple nodules. Such improvement in
specificity may be reached studying the arterial phase of CEIOUS, namely malignant nodules
with a typical arterial phase. Indeed, the neoangiogenesis of tumor nodules has been found
to be one of the most specific criteria for differentiating HCC from regenerative or dysplastic
nodules [25]. Of note, since the arterial phase lasts only 20-30 s, multiple injections of
contrast medium may be required. Figure 4 shows a typical dual ultrasound imaging, i.e.
basic IOUS and CEIOUS, of a HCC in its arterial phase.
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Fig. 5. Our classification of the various patterns of enhancement at CEIOUS in cirrhotic patients undergo-
ing surgery for HCC. Four main patterns of CEIOUS can be recognized: Al: a typical wash-in and wash-out
enhancement consistent with HCC. A2: a pattern with intranodular neoangiogenesis with wash-in and
wash-out enhancement consistent with HCC. A3: a pattern of a hypoechoic nodule in any phase. B: a pat-
tern of a nodule with the same enhancement of the surrounding liver parenchyma in any phase; this is not
considered malignant.

In the percutaneous setting, the specificity of contrast-enhanced ultrasound in HCC has
been reported by Quaia et al. [21] to be up to 95%. In the intraoperative setting, CEIOUS is
usually used to characterize small nodules, up to 1 cm in diameter, as generally larger
nodules should have already been identified and characterized by preoperative imaging
techniques. For such small nodules, the specificity is definitely lower than that reported in
the percutaneous setting, and the criterion of vascularity may not be enough. For these
reasons, Torzilli et al. [26] introduced a new classification to help the surgeon during the
operative decision-making in patients with cirrhosis and multiple small nodules found at
the basic IOUS (fig. 5). Using this classification, CEIOUS had a sensitivity of 100%, a speci-
ficity of 69%, and an overall accuracy of 80%, and it modified the operative decision-making
in up to 79% of the patients [26]; specificity is probably not that high, but is valid mostly for
1-cm lesions. New perspectives will definitely be provided by the use of Sonazoid as soon as
it will be available worldwide.

Guide for Resection

Apart from disease staging, IOUS is essential to guide the resection strategy. It is almost
impossible to correctly define the hepatic segmental boundaries without IOUS as well as the
boundaries of the tumor itself also because of the existing wide variations in anatomy. In
particular, in patients with cirrhosis the presence of irregular and macronodular surface as
well as a relative hypertrophy of some parts of the liver makes the operation difficult. [OUS
allows for three-dimensional reconstruction of the relationships between the tumor, the
hepatic veins, and the Glissonian pedicles. Such pedicles are used as landmarks in the defi-
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Fig. 6. Ultrasound-guided images of the finger compression maneuver for anatomical segmental resec-
tion. a The Glissonian pedicle for segment 6 is visualized (P6); b the Glissonian pedicle for segment 6 is
compressed (P6). F = Finger. Arrowheads indicate the inferior part of the liver already mobilized.

nition of the resection line. Their localization is essential for planning the surgical strategy,
which should beindividualized in each patient. The main advantage of IOUS-guided resection
is the modification of the traditional approach to liver tissue dissection, which involves
dissection in vertical planes to avoid tumor exposure on the cut surface. With IOUS, the rela-
tionship between the dissection plane and the tumor edge can be followed in real time, and
the direction of the dissection plane can be modified whenever needed. This approach has
been recently redefined by Torzilli et al. [27] as the ‘radical but conservative approach’, and
it should be applied in liver surgery to maximize the results. Also in patients who require
major resections, IOUS allows for a better design of the dissection plane, leading to conser-
vative surgery even in cases with complex presentations. Finally, specific and original IOUS
techniques have already been developed to help the surgeon during the operation, as
described below.

Anatomical Resection by Ultrasound-Guided Finger Compression

Initially used for tumors located in the left hemiliver [28], more recently ultrasound-
guided finger compression has been successfully extended to any segment [29], including
segment 8 and even to the sectional portion of the liver [30]. Once the feeding portal branch
is identified at IOUS, it can be compressed using the IOUS probe by one side of the liver and
the finger by the opposite side with the aim to induce a transient ischemia of the portion of
the liver distally to the compression site. This portion can then be marked with the electro-
cautery, the compression can be released, and the resection carried out. This technique is
simple, fast, noninvasive, and reversible. Moreover, the possibility to modify the site of
compression and then the resection volume allows tailoring the resection based on tumor
featuresand the status ofthe background liver. Yet, the compression can be used in a counter-
compression perspective that is the definition of the adjacent segmental margins to disclose
those of the targeted segment. Indeed, for segments such as segments 1 and 4 superior for
which the direct compression of the feeding portal branch could prove unfeasible,
compressing the adjacent segmental branch allows for the definition of their segmental

Color version available online
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Fig. 7. Surgical images of the finger compression maneuver for anatomical segmental resection. a Ana-
tomic ischemic demarcation of segment 6 (arrows) using the probe in the right hand on one side and a left
hand fingertip on the opposite side. b The resection area which corresponds to the anatomical subsegmen-
tal portion as previously demarcated (arrows in a).

margins. Figure 6 shows the IOUS image of the ultrasound-guided finger compression of the
portal branch for segment 6, while figure 7 shows the corresponding ischemic demarcation
in the surgical field.

Conclusions and Future Trends

This review has shown the importance of IOUS to stage liver diseases and to guide hepa-
tectomy in patients with HCC. CEIOUS with SonoVue should be used to characterize any new
nodule detected at I0US, while CEIOUS with Sonazoid represents the next future area of
studying because it promises aremarkable increase in sensitivity and specificity of the diag-
nostic tool.

The aforementioned surgical techniques allow for a precise and safe surgical resection
of HCC, particularly for anatomical resection, as this is the mainstay for local treatment of
HCC, and for liver parenchyma-sparing surgery to minimize postoperative complications.
Thus, IOUS should be part of the mandatory armamentarium of the modern hepatic surgeon.
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