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Abstract The technical issues discussed herein represent
part of the panorama of innovative approaches proposed for
the surgical treatment of hepatocellular carcinoma (HCC); in
particular, the attention is focused on the recent advances in
the field of planning the surgical strategy and performing liver
dissection via ultrasound guidance. It is described how recent
technical advances have allowed the range of scenarios for
which surgery is indicated in liver cirrhosis patients with HCC
to be widened. Indeed, the ability to spare the liver paren-
chyma with respect to liver inflow and outflow and its biliary
drainage as well as to perform the anatomic removal of sub-
segmental portions of the liver has enabled surgeons to pro-
vide new therapeutic horizons, and will probably result in
modifications to the therapeutic flow charts of HCC patients
once the new horizons are fully accepted by nonsurgical
specialists devoted to the treatment of these complex patients.
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Introduction

The coexistence of liver cirrhosis in most cases with
hepatocellular carcinoma (HCC) has a considerable
adverse effect on surgical results: indeed, recent series still
show mortality rates of >5% [1]. However, liver resections
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for HCC can be carried out with no mortality, even in cases
with associated cirrhosis, thus combining the need for
oncological radicality with the need to spare the liver
parenchyma [2]. This goal is mainly achievable because of
technical improvements, in particular the extensive use of
intraoperative ultrasound (IOUS) guidance [3]. This tool is
a major aid to liver surgeons in the different phases of the
surgical procedure, from staging refinement to surgical
strategy planning, surgical dissection guidance, and control
over the complete and proper removal of the tumor.

Staging

IOUS is the most accurate method for defining the intra-
hepatic staging of the disease, and the recent demonstration
of the feasibility and efficacy of contrast-enhanced IOUS
(CE-IOUS) has further highlighted its importance in this
context [4]. For HCC in particular, CEIOUS information
reduces the risk of overstaging, since basic IOUS liver
exploration is not capable of differentiating the multitude of
nodules that appear while exploring the cirrhotic liver [5].
Indeed, CEIOUS shows a specificity of 69% when vascular
enhancement criteria are employed to differentiate new
nodules detected at IOUS [4]. Further advances in the
development of contrast agents with hepatospecific features
will certainly enhance the role of CEIOUS, by adding the
criterion of whether the contrast is retained or not by the
reticuloendothelial cells. This will probably allow surgeons
to perform more complete and selective procedures.

Planning the surgical strategy

However, IOUS is certainly the best method for enabling
the surgeon to understand the liver anatomy and the
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relations between tumors and intrahepatic vessels. This
information is crucial when performing an anatomic or
limited resection with radical intent: it has consequences
for the effectiveness of the surgical treatment and its safety.
Indeed, procedures that are not IOUS-guided can result in
dangerous and useless major resections or incomplete
operations. Conversely, IOUS tumor-vessel classification
and the related surgical policy have proven that in selected
patients is possible to get close to the tumor burden without
increasing the risk of incomplete removal, and as a con-
sequence local recurrence [3]. Color Doppler IOUS (CD-
IOUS) and new modalities such as e-flow allow the elu-
cidation of patterns of liver segmental inflow or outflow
that would otherwise be undetectable, and their detection
enables the use of a parenchymal sparing procedure that
can offer radical but safe treatment under conditions that
are otherwise unsuited to a surgical approach. In practice,
this evidence means that with IOUS guidance is also pos-
sible to perform conservative but radical hepatectomies in
complex presentations, and then to widen the surgical
indications. Using this approach, the rate of major hepa-
tectomy has been limited to up to 8% in patients with
tumors involving one or more hepatic veins close to their
caval confluence, without performing any vascular recon-
struction for this tumor position [6].

Extension of the hepatectomy is always considered for
the parenchyma fed by an infiltrated portal branch at IOUS
[4]: vein Glissonian triad invasion is considered in the
presence of portal or biliary tumor thrombus, in the
absence of vessel wall visualization, or in the case of HCC
in contact with the Glissonian triad with proximal bile duct
dilatation. Conversely, in case of the infiltration of a
hepatic vein, an extension of the resection to the whole
liver parenchyma that is theoretically drained by this vein

Fig. 1 This picture shows the
portal branch flow direction
with the clamping of the
draining hepatic vein. Left the
middle hepatic vein (MHYV) is
not clamped and the portal
branch blood flow (arrow) into
the right anterior section (P5-8)
is hepatopetal; right once the
MHV is clamped (no
intravenous color), the flow
direction is maintained
hepatopetal (arrows) in P5-8

is considered only if all the following ultrasonographic
signs are missing:

e Presence of accessory hepatic veins at IOUS

e CD-IOUS showing hepatopetal blood flow in the
feeding portal branch once the hepatic vein is clamped
[6] (Fig. 1) by means of encirclement, or more simply
by compressing the vein at its extrahepatic route using a
fingertip

e Communicating veins (CVs) that connect adjacent
hepatic veins.

Upon adopting these criteria, we have been able to
minimize the rate of major hepatectomy and to devise new
procedures. One of them is the systematic extended right
posterior sectionectomy (SERPS) as an alternative to right
hemihepatectomy [7]. Another new procedure that can be
accomplished with the adoption of the aforementioned
criteria is the so-called mini-mesohepatectomy [8]. This is
an alternative to conventional mesohepatectomy in the case
of a tumor that has invaded the middle hepatic vein at its
caval confluence, and involves a limited resection,
including the tract of the invaded vein, but without its
reconstruction.

Advances in IOUS technology will probably provide
these procedures with more background information, such
as the direct detection of CVs rather than indirect CD-
IOUS signs (hepatopetal portal blood flow and reversal of
blood flow in the clamped hepatic vein). More sensitive
ultrasound modalities will better detect low- and high-
velocity flows (Fig. 2), which should increase the ability to
detect tiny vessels such as CVs.

These new procedures and other associated develop-
ments not only confirm the role of IOUS guidance in
facilitating operations that would otherwise be infeasible,
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Fig. 2 The e-flow modality (Aloka Ltd; Tokyo, Japan) allows highly
defined intraoperative study of the hepatic vein vasculature without
the use of any contrast agent. /VC inferior vena cava, MHV middle
hepatic vein, RHV right hepatic vein, P5-8 portal branch to the right
anterior section, P8d portal vein branch to subsegment 8 dorsal, P8v
portal vein branch to subsegment 8 ventral, VV veins draining into the
RHV

but also (because this approach reduces the rate of major
hepatectomy) the real need for interventions such as pre-
operative portal vein embolization, which are adopted to
protect against liver failure after the major removal of liver
parenchyma, can be re-evaluated [9].

Anatomic resections

Although still a subject of debate and controversy regard-
ing whether it is actually needed in the surgical treatment
of HCC, with some authors in favor [10-14] and others
unconvinced [15, 16], anatomic segmental liver resection
should at least be theoretically considered the gold standard
based on the pattern of intrahepatic spread for this disease.
Indeed, it answers the need for both the conservative
removal of the tumor with the maximal sparing of liver
parenchyma and the radical removal of the disease through
the inclusion of the feeding portal area, which is considered
to be the main gateway for the spread of the intrahepatic
tumor. However, anatomic subsegmental resection is a
demanding procedure that primarily requires adequate skill

@ Springer

in ultrasound exploration. Furthermore, IOUS guidance is
necessary but not sufficient to demarcate the segmental
area to be removed in a fully anatomical fashion. Indeed,
the portal area feeding the tumor cannot be pinpointed if it
is not associated with an interventional procedure. The
most suitable and popular of these techniques is the
puncture technique proposed by Makuuchi et al. [17]. The
main disadvantage of this technique, other than the rela-
tively high level of skill needed to puncture millimetric
vessels, is the fact that if the ink regurgitates or is injected
into the wrong portal branch, it could be difficult to identify
the appropriate area to remove. Furthermore, clamping of
the hepatic artery is recommended but is not always fea-
sible without a hilar dissection to tape the vessel to be
clamped. Other methods have been proposed, such as the
insertion of a balloon catheter transhepatically to occlude
the feeding portal branch [18], or, more recently, through
the mesenteric vein [19]. For segment 8 resection, Maz-
ziotti et al. proposed that the liver should be divided along
the main portal fissure, and that the segment 8 Glissonian
pedicle should then be approached intraparenchymally
[20]. Other authors from different centers have even
recently suggested ablation of the feeding portal and arte-
rial branches [21-24]. All of these alternative techniques
are invasive, and in some circumstances [21-24] cause
irreversible damage to the target, which may result in
compulsorily extension of the resection area should the first
vessel targeted not be the correct one. This extension of the
resection area, although accidental, is exactly what any
type of anatomic segmental resection seeks to avoid. Fur-
thermore, this latter technique requires a similar level of
technical skill to accomplish it to that proposed by Mak-
uuchi et al. [17], so it is difficult to see the real advantages
of its extensive application as an alternative to Makuuchi’s
technique.

Compression technique

Initially used for tumors located in the left hemiliver [25],
we recently successfully extended the application of this
technique to any segmental location [26], and even to a
sectional portion of the liver [27, 28]. Once the feeding
portal branch has been identified at IOUS, it is compressed
using the IOUS probe on one side of the liver and the finger
on the opposite side. This makes it possible to induce a
transient ischemia of the portion of the liver distal to the
compression site. The portion can be marked with electro-
cautery, the compression is released, and the resection is
carried out. This technique is simple, fast, noninvasive and
reversible: the ability to modify the site of compression and
then the resection volume allows us to define the size of the
resection based on the features of the tumor and the status of
the background liver. Furthermore, the compression can be
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used from a counter-compression perspective [26, 27]:
indeed, for segments such as 8 and 4 superior, where the
direct compression of the feeding portal branch could prove
to be infeasible, compressing the adjacent segmental branch
allows their segmental margins to be defined. Similarly, this
technique can be applied to define the margin of the right
anterior section of the liver by compressing the Glissonian
pedicles to the right posterior section and to the left hemi-
liver, respectively. This avoids the need for portal pedicle
dissection or blunt encirclement [29-34], resulting in a
simpler, safer, and equally anatomic procedure.

Discussion

All of the techniques discussed in this work represent just a
part of the panorama of innovative approaches proposed
for the surgical treatment of HCC. However, the techniques
described here are, in my opinion, those that most clearly
show how recent technical advances have allowed the
range of scenarios for which surgery is indicated in liver
cirrhosis patients with HCC to be widened. Indeed, tech-
nical advances have led to new approaches that make
elements of global classification schemes and their asso-
ciated therapeutic guidelines—such as the Barcelona Clinic
Liver Cancer Classification (BCLC) [35]—rather out-
moded. This issue needs to better recognized by the non-
surgical community, who generally ignores technical
aspects, since they do not consider them to be very
important. Indeed, according to the BCLC classification,
single small HCC is the best candidate for surgery, while
patients with multiple nodules or advanced disease due to
vascular invasion should be assigned palliation involving
either chemoembolization or the administration of new
agents such as Sorafenib [36]. Conversely, technical
improvements in both ablation techniques and surgical
approaches show that ablative approaches can achieve
local control in almost all cases of small single HCC [37],
and that surgery can even cure patients with multiple [38,
39] or advanced [40] HCCs. The ability to spare the liver
parenchyma in relation to liver inflow and outflow and its
biliary drainage as well as to anatomically remove sub-
segmental portions of the liver has enabled surgeons to
provide new therapeutic answers, and will probably result
in modifications to the therapeutic flow charts of HCC
patients once they are fully accepted by nonsurgical spe-
cialists devoted to the treatment of these complex patients.

It is certainly worth noting that hepatic surgeons must
first be familiarized with these techniques that are based on
the extensive use of IOUS. This limitation, even more than
the reluctance of hepatologists to consider that technical
aspects are relevant in the creation of new therapeutical
guidelines, is the real challenge that this field will face over

the next few years. The American College of Surgeons has
recently recognized the need for surgeons that have specific
training in ultrasound, and, similarly, we have started a
school for surgical ultrasonography in Europe. Thus, we
are hopefully on a path that leads to the wider application
of ultrasound in surgical practice.
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