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Introduction

Up to now, liver surgery has been the standard
treatment of colorectal liver metastases (CLM),
provided that complete resection is possible [1—
4]. Resection may benefit even patients with
numerous colorectal liver metastases (CLM),
achieving long-term survival [5-7]. Patients with
multiple bilobar nodules are the most complex to
treat because a large parenchyma sacrifice is often
required, leading to the risk of postoperative liver
failure [8]. To prevent this risk, in 2000 Adam
et al. proposed two-stage hepatectomy (TSH) [9].
It schedules the cleaning of the less involved
hepatic lobe during a first laparotomy, followed or
not by the portal vein occlusion of the contralat-
eral lobe in order to induce hypertrophy of
the final future liver remnant (FLR), and then
the resection of the most involved hemiliver.
TSH is now a standardized procedure adopted
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worldwide, with good short- and long-term results
[5, 10-15]. The major drawback of TSH is the
drop-out risk: one-third to one-fourth of patients
do not receive the second hepatectomy because of
disease progression between the two stages [11].
More recently, associating liver partition and por-
tal vein ligation for staged hepatectomy (ALPPS)
have been proposed [16], again a staged operation
like TSH; however, at the first step in addition to
the cleaning of the left liver, parenchymal dissec-
tion is carried out, dividing the left lobe from the
remnant liver or the two hemi-liver. This policy
has allowed the relevant reduction of the drop-out,
but the significant increment of the risk of postop-
erative mortality [17].

To overcome the drop-out risk of TSH, and the
risk of mortality of ALPPS, one-stage hepatec-
tomy (OSH) has been proposed, at least for those
patients suitable for the first two procedures [16].
OSH schedules the simultaneous resection into a
single procedure of all the bilobar lesions. In
cases of bilobar superficial lesions, OSH is com-
monly adopted, but in cases of deep-located
CLM, TSH is the preferred option. The authors
reported the possibility to perform OSH even in
presence of deep-located lesions thanks to the
combination of thoraco-phreno-laparotomy,
intraoperative ultrasound (IOUS) resection guid-
ance, the detachment of metastases in contact
with vessels, and the identification of communi-
cating veins (CV) among hepatic veins to pre-
serve an adequate outflow [18-21]. This strategy
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has minimized the need for parenchyma sacrifice
and major hepatectomy [20, 22, 23]. Even if OSH
prevents drop-out risks, some theoretical disad-
vantages have been raised: the technical com-
plexity of the procedure, and the high rate of
0-mm margin (R1) resections (detachment of
CLM from vascular structures). For that, the
intraoperative evaluation of the tumor staging,
the definition of the tumor—vessel relations, and
the recognition of the presence of anatomical
peculiarities, are fundamental steps together with
the specific preparation of the operative field to
allow the proper management of the patient in a
OSH perspective.

Surgical Technique

The OSH approach scheduling the complete
removal of all the multiple bilobar CLM in a sin-
gle liver resection is based on the following main
pillars.

. The incision.

. The IOUS [19].

. The liver mobilization.

. The detachment of CLM from intrahepatic
vascular structures.

5. The flow analysis.
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In this chapter we will get deep into these
technical points, discussing the related conse-
quences in terms of surgical strategy and
resectability.

Incision

As a general principle, the surgical procedures
herein described schedule the surgeon with left
hand positioned over the resection area estab-
lished by means of IOUS, driving together
with the IOUS images the liver dissection, and
hanging the liver for backflow bleeding con-
trol: in this perspective the incision is selected,
using J-shaped laparotomy as the standard
incision (Fig. 11.1). This last, which includes

Fig. 11.1 J-shaped laparotomy. The incision starts from
the xiphoid process on the midline to approximately
3-4 cm above the umbilicus. Then, it curves laterally
towards the right hypocondrium until it reaches to the cos-
tal arch, at the level of the ninth intercostal space

Fig. 11.2 Liver handling after a J-shaped laparotomy.
This incision allows the surgeon’s left hand to be posi-
tioned behind the liver at the posterior aspect of the
defined dissection plane. Furthermore, it allows control-
ling the backflow bleeding by hanging the liver

the removal of the xiphoid process, other than
being propaedeutic for liver handling using the
left hand (Fig. 11.2), also allows a vertical
view of the hepato-caval confluence, both from
above with the surgeon standing (Fig. 11.3),
and from the right side with the surgeon seated
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Fig. 11.3 Vertical view of the hepato-caval confluence
achieved by means of the removal of the xiphoid process

Fig. 11.4 Lateral view of the hepato-caval confluence
with the surgeon seated: this perspective facilitates the
mobilization of the right liver from the inferior vena cava
(IVC). Tumor (T)

once approaching the hepato-caval plane
(Fig. 11.4).

When the tumor is located in the para-caval
portion of segment 1 or anyway at the hepato-
caval confluence, and control of the hepatic veins
at this level does not seem fully achievable with
the abdominal incision only due to patient charac-
teristics and/or the tumor features (position, rela-
tions and size), two solutions are possible, both
featured by representing an extension of the
J-shaped laparotomy, and both having the aim of
extending the working space for the surgeon, espe-
cially at the mid—late phases of the dissection and
in general when the major veins are approached.

Fig. 11.5 J-shaped thoraco-phreno-laparotomy. The
incision is a standard J-shaped laparotomy which contin-
ues along the ninth intercostal space up to mid-axillary
line on the skin and the posterior axillary on the intercos-
tal space. In this way, the space for the surgeon’s left hand
is increased, with a better control of the hepato-caval
confluence

Fig. 11.6 Lateral view of the hepato-caval confluence
after a J-shaped thoraco-phreno-laparotomy. The space
for the surgeon’s left hand is increased with a better view
and control of the hepato-caval confluence. Right lung
(L); inferior vena cava (IVC)

A J-shaped thoraco-phreno-laparotomy has
the peculiarity of allowing the operator him-
self to have more space for left-hand position-
ing and the related liver handling (Fig. 11.5),
and moreover opening a better view of the
hepato-caval plane, which becomes in line
with the visual plane of the operator (Fig. 11.6)
[24], this being particularly useful for afford-
ing conservative resection of large tumor
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Fig. 11.7 J-shaped thoraco-phreno-laparotomy for a
large tumor located in segment 1. The liver and the tumor
(T) have been completely mobilized from the inferior
vena cava (IVC)

located in segment 1 (Fig. 11.7) [25]. It is
worth stressing the fact that the need for open-
ing the chest may not be evident during mobi-
lization of the liver, but generally it appears
crucial during the dissection, and more often
at the end of it when the specimen is going to
be detached from the hepatic veins, and more
space for handling, particularly with the left
hand, could be needed. Therefore, paradoxi-
cally, chest-opening is a maneuver more fre-
quently carried out by expert surgeons rather
than young fellows, since it is a decision taken
taking advantage moreover of the background
experience which leads the surgeon to foresee
the potential difficulties of the resection, and
to shift to a thoraco-phreno-laparotomic
approach without hesitation.

A median extension to the lower abdomen
is selected (Fig. 11.8), particularly in the event
of existing median incision: this access facili-
tates the caudal tilting of the liver once mobi-
lized, and like the previous incision a larger
space for positioning the left hand and then for
handling the liver. However, this access is not
provided by a surgeon’s visual plane being
perpendicular to the hepato-caval space, and is
probably linked to a higher risk of wound
hernias.

X

Fig. 11.8 Schematic representation of a J-shaped lapa-
rotomy (or thoraco-phreno-laparotomy in yellow) with a
median extension to the lower abdomen

IOUS Intraoperative Staging

In the case of CLM, the increment of the detec-
tion power of IOUS is still relevant. Indeed, in
these patients the detection of any tiny nodule
undiscovered preoperatively becomes crucial for
attempting a reduction of the still high postopera-
tive early recurrence rate [26]. Between 10 and
40% of patients who are carriers of colon cancer
have not palpable CLM [27, 28]; as a conse-
quence of that, IOUS exploration of the liver
remains crucial, and contrast-enhanced intraop-
erative ultrasound (CE-IOUS) seems able to
enhance its role in this sense. In a maximized
parenchymal-sparing perspective, the relevance
of an accurate staging is obvious for avoiding
missing any tiny lesion, and otherwise resulting
in a resection which would be radical but is in
fact an R2 operation.

CE-IOUS in these conditions seems useful in
a particular setting of patients carrying multiple
CLM: those without a bright liver (steatotic) at
IOUS [29], and presenting isoechoic CLM [30]
(Fig. 11.9).



11 Intraoperative Evaluation of Resectability

Fig. 11.9 Contrast-
enhanced intraoperative
ultrasound (CE-IOUS on
the right) which is better
revealing a isoechoic
colorectal liver
metastasis (7) compared
with unenhanced

10US (left)

New perspectives can be obtained by using
liver-specific contrast agents, which allow pro-
longed exploration. In a preliminary experience
CE-IOUS only showed new lesions in 2 out of 8
patients [31]. More recent studies have shown
that the prolonged persistence of the black-hole
effect may help also in detecting intraoperatively
those metastatic foci which disappear after che-
motherapy [32].

Mobilization

For right-sided segmentectomies or subseg-
mentectomies or sectionectomies, the bare area
is dissected and the right hemiliver is mobilized
till the surgeon’s left hand is positioned behind
the hemiliver, sustaining it, and is comfortably
positioned over the posterior aspect of the
drawn dissection plane (Fig. 11.10). This mobi-
lization should be extensive enough to allow
allocation of the surgeon’s hand, minimizing
the risk during the traction maneuvers of dam-
aging the adjacent structures, and particularly
any short hepatic vein which should be preven-
tivly divided whenever at the edge of the dis-
section area: in the unfortunate event, their

damaging could be the source of conspicuous
bleeding from the inferior vena cava (IVC),
which could even be massive because recog-
nized late since it occurs back to the liver, and
could be source of vessel fractures extended to
the caval wall, meanwhile the surgeon is con-
centrated on dissecting the liver.

Therefore, a slight mobilization of the right
hemiliver just dividing the triangular ligament
and partially or completely the bare area will be
accomplished for lesions located in segments 5,
6, 7 inferior and 8 ventral. Conversely, the right
side of the retrohepatic IVC is reached for
lesions located in the segments 7 and 8 dorsal.
If the lesion is close to the hepatocaval conflu-
ence (last 4 cm), but not in contact with the
hepatic veins, the retro-hepatic caval ligament
is not divided, and only the space between the
right hepatic vein (RHV) and the middle hepatic
vein (MHV) is dissected allowing for finger-tip
insertion and eventual compression. The caval
confluence of the RHV is recognized following
the trajectory of the right inferior phrenic vein,
which flows near the RHV at this level and
which is a constant landmark (Fig. 11.11) [33].

If the lesion is still right-sided but in contact
with an hepatic vein at its caval confluence
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Fig. 11.10 Definition of the resection area. a The sur-
geon’s left-hand fingertip and the probe act simultane-
ously to draw the optimal dissection plane to be followed.
b The corresponding IOUS image in which the yellow

Fig. 11.11 Lateral view of the hepato-caval confluence
after a J-shaped laparotomy. The right inferior phrenic
vein (RIPV) represents a constant landmark for the caval
confluence of the right hepatic vein (RHV) into the infe-
rior vena cava (IVC)

(Fig. 11.12), or is involving the para-caval portion
of the segment 1 (Fig. 11.13), liver mobilization
includes division of the retro-hepatic caval liga-
ment and exposure of the retro-hepatic IVC until
the area to be resected is under control of the sur-
geon’s left hand (surgeon’s finger tip being placed
over the most distal portion of the planned dissec-
tion plane). This detachment proceeds unless
control is obtained, even though this means reach-
ing the complete detachment from the IVC
(Fig. 11.14): in this case, once the mobilization of

dashed line indicates the ideal dissection plane that runs
from the echoic shadow generated by the electrocautery
interposed between the liver surface and the probe (EC) to
the surgeon’s fingertip (F); tumor (7)

Fig. 11.12 IOUS image that shows a tumor (7) in con-
tact with the right hepatic vein (RHV) at its confluence
into the inferior vena cava (IVC). Middle hepatic vein
(MHV); portal branch to the right anterior section (P5-8)

Fig. 11.13 TOUS image showing a tumor (7) involving
the para-caval portion of the segment 1; middle hepatic
vein (MHYV); inferior vena cava (IVC)
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Fig. 11.14 Complete detachment of the liver from the
inferior vena cava (/VC). The fossa where the IVC was
laying is shown

{1y §0
. ¥
IVC fossa

Fig. 11.15 The surgeon’s left-hand fingertips are posi-
tioned at the edge between segments 2 and 1 where the
Arantius’ ligament runs, hooking the Spigelian lobe (SL)

the segment 1 is complete, and carried out through
aright-sided approach, the left-hand fingertips are
positioned at the edge between the segment 2 and
1 where the Arantius’ ligament runs, somehow
hooking the caudate lobe (Fig. 11.15).

For segment 2 and 3 segmentectomies or sub-
segmentectomies, the left triangular ligament and
the left coronary ligament are divided, and the
left lobe is handled with the surgeon’s left hand.

For lesions located at the segment 4 superior at
the hepato-caval junction, the mobilization com-
bines the one described for lesions at the segments 7
inferior and 8 ventral and for those in the left lobe.
For these lesions, once a relationship with the main
trunk of the MHV is established, particular attention
should be paid to the fact that MHV generally fea-
tures a vertical confluence into the IVC (Fig. 11.16),

Fig. 11.16 IOUS image showing the perpendicular, and
straight confluence of the middle hepatic vein (MHYV) into
the inferior vena cava (IVC)

which makes its length shorter than the others, and
moreover, its central position makes its compres-
sion more difficult; for these reasons, the injury of
this vein during the dissection could be source of
massive bleeding, and therefore a preventive check
of the control of the vein flow by finger compres-
sion, or vein encirclement itself, have always to be
considered.

A particular trick which deserves to be men-
tioned is the use of IOUS to help mobilization
once there are adhesions which may mask impor-
tant structures to be recognized and preserved
such as the hepatic hilum, the IVC, and the hepatic
veins: just positioning the probe to check the posi-
tion of these structures in relation to the dissection
area (the surgeon’s finger tips positioned in there
would be helpful), and the distance between the
latter and the structures themselves, helps to avoid
them being damaged, with the severe conse-
quences related with that.

Tumor-Vessel Detachment

The glissonian pedicle may be spared when in
contact with an encapsulated hepatocellular car-
cinoma (HCC) or a CLM, with integrity of the
vessel wall appreciable at IOUS without any
sign of bile duct dilation (Fig. 11.17). In the
presence of bile duct dilation, tumor thrombus,
invasion of the vessel wall, and for CLM, contact
wider than half of the pedicle circumference, the
pedicle must be divided (Fig. 11.18). In these
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Fig. 11.17 IOUS image showing a CLM (7) in contact
with the portal branch to the right anterior section (P5-8)
without signs of infiltration (integrity of the vessel wall
and no signs of bile duct dilation). The glissonian pedicle
may be spared

Fig. 11.18 In the presence of bile duct dilation (BD), the
pedicle must be divided

conditions, extension of the hepatectomy is
required for complete tumor clearance.

The hepatic vein may be spared when in con-
tact with an encapsulated HCC with integrity of
the vessel wall appreciable at IOUS (Fig. 11.19).
Initially for the CLM, its contact was considered
an indication for hepatic vein resection; more
recently sparing of the hepatic vein is always
attempted when the contact extension is less
than two-thirds of the vein circumference at
IOUS (Fig. 11.20).

Flow Analyses

In the presence of tumor thrombus, invasion of
the vessel wall, and contact wider than two-
thirds of the vein circumference in CLM, the
hepatic vein must be divided (Fig. 11.21). In
these conditions, extension of the hepatectomy
is not compulsorily considered, even if the
hepatic vein is invaded at its caval confluence
(the last 4 cm). Indeed, an extension of the
resection to the liver parenchyma theoretically
drained by the hepatic vein to be resected is
considered only if one of the following US
signs is missing:

e Presence of accessory hepatic veins at IOUS
as an inferior right hepatic vein (IRHV)
(Fig. 11.22) [34] in the presence of an inva-
sion at the caval confluence of the right hepatic
vein.

e Color-flow IOUS (CF-IOUS) showing hep-
atopetal blood flow in the feeding portal
branch, once the hepatic vein to be resected
is clamped [35] by means of encirclement,
or more simply by vein compression at its
extrahepatic route using a fingertip [36]

e Communicating veins connecting adjacent
hepatic veins (Fig. 11.23), these being more
easily detectable using CF-IOUS to disclose
their presence [19].
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Fig.11.19 aIOUS
image showing an
encapsulated HCC (7) in
contact with the middle
hepatic vein (MHV) and
the right hepatic vein
(RHYV). b In this case,
the hepatic veins could
be spared

Fig.11.20 aIOUS
image showing a CLM
(T) in contact with the
right hepatic vein (RHV)
at its confluence into the
inferior vena cava (IVC).
b In this case, the
hepatic vein is spared

Fig. 11.21 aIOUS
image showing a CLM
(T) infiltrating (red
arrows) the right hepatic
vein (RHV). b In this
case, the hepatic vein is
resected
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Fig. 11.22 10US
image showing an
inferior right hepatic
vein (IRHV). This vein
typically runs behind the
right portal branch
(RPV). Portal branch to
the right anterior section
(P5-8); portal branch to
the right posterior
section (P6-7); inferior
vena cava (IVC)

Fig. 11.23 CF-IOUS serial images showing the entire
route of a communicating vein (CV) connecting the right
hepatic vein (RHV) and the middle hepatic vein (MHYV).

New Operations

The aforementioned technical tricks assembled
together have made it possible to devise new
operation minimizing the rate of major
hepatectomy in these patients. These new opera-
tions are herein listed.

Systematic Extended Right Posterior
Sectionectomy

Systematic extended right posterior sectionec-
tomy (SERPS) is a surgical technique that
allows the systematic sparing of part of
the right anterior section in the presence of
tumors with the presentation shown in
Fig. 11.24 [37].

The detection of these communicating veins represents a
crucial step for the “radical but conservative” policy,
aimed to minimize the rate of parenchymal sacrifice

Eligibility Criteria
Patients suitable for SERPS are those with tumors
showing one of three conditions:

1. Invasion of the right hepatic vein (RHV) is
evident within 4 cm of the hepatocaval con-
fluence, with other lesions involving seg-
ment VI and eventually segment VII
(Fig. 11.24a).

2. Invasion of the RHV within 4 cm of the hepa-
tocaval confluence is evident, without other
lesions involving segment VI, without an infe-
rior RHV (IRHV), and with hepatofugal por-
tal blood flow at CF-IOUS in the portal branch
to segment VI (P6) when the RHV is clamped
if not already occluded (Fig. 11.24b). In the
event an IRHV is present, or, if not, when the
flow direction in P6 remains hepatopetal,
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Fig. 11.24 Eligibility criteria for systematic extended
right posterior sectionectomy (SERPS): in all cases, in
CF-IOUS the hepatopetal blood flow must be evident in
the portal branch to the right anterior section (P5-8) once
the right hepatic vein (RHV) is clamped if not already
occluded. a Presence of vascular invasion of the RHV at
the hepatocaval confluence (within 4 cm), with tumors (7)
also in segment 6. b Presence of vascular invasion of the

";"

RHYV at the hepatocaval confluence, without any tumor in
segment 6, but without accessory veins and with hepatof-
ugal portal blood flow in the portal branch to segment 6
(P6) once the RHV clamped if not already occluded. ¢
Presence of vascular invasion of the right posterior portal
branch (P6-7) or anyway biliary dilation of the bile ducts
draining segment 6 and segment 7 (BD), with T in contact
also with P5-8 but without signs of infiltration

Fig. 11.25 Systematic extended right posterior sectio-
nectomy (SERPS). a The dissection line (yellow arrows)
is drawn. b The liver at the end of the resection, with the

resection of segments VII and VIII together
with the RHV is carried out [34] rather than
SERPS; therefore, SERPS is applied as an
alternative to resection of segments VII and
VIII in those patients who do not have proper
outflow for segment VI once the RHV is
divided.

3. Contact with the right anterior glissonian
sheath and a relationship with the right
posterior section is evident, with at least
one of the following features: contact with
the right posterior section determining
proximal bile duct dilation, vessel wall
invasion, or, for CLM, contact wider
than half of the pedicle circumference
(Fig. 11.24c, d).

stump of the right hepatic vein (RHVs) which is evident;
inferior vena cava (IVC)

Procedure

In the first two conditions, extension to the right
anterior section is tailored to guarantee the complete
removal of the tumor, and a dissection line is drawn
on the left side of the RHV, which is also resected
(Fig. 11.25); flow direction in the right anterior por-
tal branch at CF-IOUS is estimated as previously
described, once the RHV is clamped, if it is not
occluded. The right anterior pedicle is not necessar-
ily exposed on the liver cut surface. In the third con-
dition, the extension of the resection into the right
anterior section is tailored to preserve most of the
parenchyma of segment VIII, the tract of the RHV at
the hepatocaval confluence, and the left portion of
segment V without division of the right anterior ped-
icle, which is exposed on the cut surface.
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Fig. 11.26 Minimesohepatectomy. a Schematically it
consists in a limited resection of segment 4 superior and 8
with the invaded tract of the middle hepatic vein (MHV).
The presence of communicating veins (CV) between the
MHYV itself and one or both of the adjacent hepatic veins
allows the blood to be drained by those veins (white

Minimesohepatectomy

This procedure represents an alternative to the con-
ventional mesohepatectomy in patients with tumors
invading the MHV at its caval confluence; it con-
sists of a limited resection, including the tract of the
invaded vein without its reconstruction, sparing
part of segment IV, and/or of the right anterior sec-
tion, as shown in Fig. 11.26a and as described in
the next section [23].

Eligibility Criteria

Patients suitable for minimesohepatectomy
(MMH) are those with tumors having macroscopic
signs of vascular invasion of MHYV at hepatocaval
confluence on preoperative imaging and IOUS.

Procedure

Mobilization of the right and left hemiliver is tai-
lored based on the size of the lesion and its cranial
extension toward the MHV caval confluence. As a
general rule, mobilization of the liver to obtain the
encirclement of the hepatic veins at caval conflu-
ence should be recommended. For planning an
MMH (Fig. 11.26a), at least one of these three find-
ings should be confirmed by means of CF-IOUS:

1. Detection on CF-IOUS without, and, if nega-
tive, with clamping of the MHYV, of communi-
cating veins between the MHV and RHV and/
or LHV and/or IVC (Fig. 11.26b).

2. If no communicating veins are evident at CF-
IOUS, reversal flow on CEF-IOUS in the
peripheral portion of the clamped MHV

arrows). b CF-IOUS showing communicating veins (CV)
between the middle hepatic vein (MHV) and the left
hepatic vein (LHV). ¢ The liver at the end of the resection
with the stump of the MHV (MHVs) exposed on the cut
surface. Right hepatic vein (RHV); inferior vena cava
ve)

should be confirmed; this finding suggests the
existence anyway of communicating veins
with the adjacent hepatic veins, despite not
found at their direct search.

3. Hepatopetal flow in residual portion of the
central segments (IV, V, and VIII); this finding
also suggests the existence anyway of com-
municating veins with the adjacent hepatic
veins, despite them not found at direct search.

If none of these findings is confirmed, and
especially if hepatofugal flow direction in portal
branches to segments V and/or IV inferior is
detected, hepatectomy should be extended to the
area fed by those portal branches.

The posterior wall of the MHYV, or of the tumor
involving the paracaval portion, is used as a deep
landmark for delimiting the resection area. A
crucial point for proper performance of the MMH
is, in the event a communicating vein is visual-
ized, detecting and preserving the latter, on the
contrary, keeping the dissection nearby the tumor
to avoid division of communicating veins which
anyway exists although not visualized.

Upper Transversal Hepatectomy (UTH)

For tumors involving more than one and up to all the
hepatic veins at the hepato-caval confluence, major
hepatectomy or vascular reconstruction, or even
unresectabilty are considered. In 1987, Makuuchi
et al. [34] reported that once the presence of a thick
IRHV is evident at preoperative imaging or at IOUS,
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resection of the tumor together with the RHV could
be feasible without carrying out a formal right hepa-
tectomy rather limiting the liver tissue removal to
that of segments VII and VIII. That was the first
paper showing how just the disclosure of an ana-
tomical feature makes feasible surgical procedures
otherwise unfeasible. Taking profit of the pioneer-
ing experience of Makuuchi, both SERPS and
MMH have been released, and we have further pro-
ceeded with the herein-described UTH [20].

Eligibility Criteria

Tumor at caval confluence invading two of the
hepatic veins at caval confluence in presence of
IRHV and communicating veins, or just commu-
nicating veins. The tumor could lie over the hilar

plate, with contact with but no invasion of the
right and left portal branches and the segmental
portal branches to segments IV inferior, V, and VL.

Procedure
UTH consists in the total or partial resection of
the superior liver segments (II, III, IVsup, VII,
VIII) including partially or completely segment I
together with up to the three hepatic veins but
preserving the inferior portion of the liver, pre-
serving the communicating veins with or without
accessory veins to guarantee the outflow of the
inferior portion of the liver theoretically drained
by the resected hepatic veins (Fig. 11.27).

The US study in these patients should precisely
map the accessory veins, IRHV included, and the

transversal

Fig.
Indications: pre-operative CT scan showing the right
(RHV) and middle hepatic veins (MHYV) affected by two
large tumors (7). b IOUS image that confirms the vascu-
lar involvement (red arrows) of the MHYV, the RHV, and
the inferior vena cava (IVC) by the tumor. ¢ Schema

11.27 Upper hepatectomy. a

showing the vascular drainage (white arrows) at the end
of the resection. The preservation of communicating
veins between the RHV and the MHV and between the
MHYV and the LHV is a crucial point to perform this kind
of procedure. d The liver at the end of the resection; the
stumps of the RHV and MHV are shown (RHVs, MHVs)
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communicating veins depicting their pattern is just
connecting two adjacent HV or an HV and the IVC:
in the latter circumstance, the short hepatic vein con-
nected to the obstructed HV through the communi-
cating vein has to be preserved. Inversely, in the
absence of accessory veins flowing into the IVC,
even in a similar tumor presentation, the caval plane
can fully be freed (Fig. 11.28). Furthermore, ade-
quate exposure and mobilization should allow posi-
tioning the left hand at the posterior aspect of the
defined dissection plane. For all these reasons, a
J-shaped thoraco-phreno-lapatorotic access is fre-

Fig. 11.28 Fully mobilization of the liver in the absence
of accessory veins flowing into the inferior vena cava (IVC).
The fossa where the IVC was laying is shown (IVC fossa)

quent in these circumstances. The direct view
favored by this incision to the hepato-caval plane
allows tailoring the adequate mobilization of the
liver from the caval plane; in the event that an IRHV
exists, this approach facilitates this mobilization
without sectioning this vein root. The access, the
mobilization, the in- and outflow mapping and the
TOUS-guidance lead to the removal of a relatively
small and almost completely diseased part of the
liver, preserving the vast majority of the functioning
liver parenchyma with adequate in and outflow. The
existence and preservation of an IRHV and the com-
municating vein could make feasible the removal of
all the superior segments and of the three HVs [21],
sparing also segments IV inf, V and even III, com-
pared with the preservation of just segment VI, as
initially described by Makuuchi in 1987 [34].

Liver Tunnel

This procedure represents an extension of the
MMH, including the total removal of segment I
[38, 39].

Eligibility Criteria
Schematic representations of the procedure are
shown in (Fig. 11.29). Patients eligible for this

Fig.11.29 “Liver Tunnel”. This procedure represents an
extension of the mini-mesohepatectomy, including the
total removal of segment I. a Schema showing the vascu-
lar drainage (white arrows) at the end of the resection in
case of resection of the middle hepatic vein (MHYV). The
presence of communicating veins (CV) between the MHV

itself and one or both of the adjacent hepatic veins allows
the blood to be drained by those veins. b Schema showing
the vascular drainage at the end of the resection in case of
preservation of the MHV. Inferior vena cava (/VC); right
hepatic vein (RHV), left hepatic vein (LHV)
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approach are those with tumoral involvement of
segments VIII, IV superior and I, including the
MHYV at its caval confluence (within 4 cm), in
presence of communicating veins between the
MHYV, the RHYV, and/or the LHV; similarly,
patients with tumors involving segments IV
superior or VIII and segment I without invasion
of the MHYV are eligible too. It consists in a lim-
ited resection including or not the MHV [40].

Procedure

Once the anterior surface of the hepatocaval con-
fluence is exposed. Complete mobilization of the
liver has to be accomplished with full detach-
ment of the retrohepatic IVC. Resection area is
drawn under IOUS guidance. Dissection is
started from the low-medial side of the drawn
resection area, having the left hand positioned
between the posterior surface of the liver and the
IVC (Fig. 11.30): the surgeon’s left hand finger-
tips grip the Arantius ligament shifting at IOUS
almost on the same axis the MHV and the
Arantius ligament itself. MHV resection is car-
ried out according with the criteria described for
the MMH procedure. Resection of the MHV or
its tumoral detachment is accomplished first then
the dissection proceeds towards the posterosupe-
rior aspect of the left glissonian pedicle, then to
the right and the dorsal portion of P5-8; finally,
the RHV is exposed and following its route
towards the IVC the resection is completed
(Fig. 11.30c¢).

4

Fig. 11.30 Intraoperative pictures of a “liver tunnel”. a
Full mobilization of the liver with the surgeon’s left-hand
fingertips positioned at the edge between segments 2 and
1 where the Arantius’ ligament runs, hooking the Spigelian
lobe (SL). b The resection is carried out with the surgeon’s
left hand positioned between the posterior surface of the

Conclusions

The terms “multiple bilobar” CLM includes a
wide range of conditions, ranging from oligo-
metastatic superficial deposits to numerous
deep-located lesions. The authors suggest that
OSH (pure surgical one-stage approach) is
possible even for deep-located CLM [16].
This approach relies on: (1) the IOUS-guided
detachment of CLM from glissonean pedicles
and HV's whenever not infiltrated; (2) the HV
resection and reconstruction when they are
marginally infiltrated, and (3) an accurate flow
analysis, including disclosure of CVs among
HVs and of inflow direction after HV clamp-
ing, to preserve liver parenchyma despite
main outflow resection [16, 21]. All these
maneuvers require an adequate incision, e.g.,
a thoraco-phreno-laparotomy in most cases,
and an extensive liver mobilization.

The main potential drawback of this policy is
its oncological adequacy. Up to now, a nega-
tive surgical margin (>1 mm) has been the
standard for CLM. However, in multiple
bilobar deep-located CLM a 0-mm margin is
often mandatory to achieve resectability,
which is the case in most presentations with
tumor—vessel relations. The so called R1vasc,
once the CLM is detached from the vessel to
which it was in contact although without a
clear infiltration, has shown in our experience
local recurrence rates which are in line with
those experienced removing CLM in the

liver and the inferior vena cava (IVC). ¢ The liver at the
end of the resection. The right hepatic vein (RHV) and the
middle hepatic vein (MHV) are exposed on the cut surface
at their confluence in the IVC. Portal branch to the right
anterior section (P5-8); portal branch to the right poste-
rior section (P6-7); right portal vein (RPV)
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parenchyma and leaving >1 mm of tumor-free
resection margin [41]. Once confirmed in a
large and multi-institutional series, these
results are more than encouraging for several
reasons:

1. they validate the intraoperative criteria
herein described in confirming paren-
chyma-sparing resectability;

2. they provide more technical solutions;

3. they introduce the concept of a R1 onco-
logically suitable surgery once the 0-mm
margin corresponds to the area of tumor
vessel detachment (R1vasc).

In conclusion, the herein-described intraoper-
ative criteria allows radical parenchyma-spar-
ing surgery for multiple CLM, even when
some of them show complex and deep located
presentations. Thus, these criteria act as fun-
damental steps in determining the surgical
strategy and then the resectability.
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