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How to do: technique of liver hanging maneuver—step by step
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Abstract: In 2001, Belghiti et 4/. described a technique called “liver hanging maneuver” (LHM): consisting
in lifting the liver during parenchymal transection by a tape passed between the anterior surface of inferior
vena cava (IVC) and the liver. In this manner surgeons achieve the effective vascular control especially for
the deeper parenchymal transection and a guidance of the direction of anatomic parenchymal transection.
LHM can be performed due to the existence of a longitudinal avascular and virtual space between anteriorly
the posterior face of liver and posteriorly the anterior face of IVC. We use this method, which is adopted
routinely by the Reims Team, and is it similar to the one described by Belghiti with some peculiarities: it is
a combined bidirectional up and down (or cranio-caudal) approach. We show step by step how to perform
a safety LHM. We adopted a dissection of the avascular space using: (I) smooth and gently movements;
(IT) hydro-dissection; (III) 14 Fr nasogastric tube. We think our video can help surgeons especially junior
surgeons to understand better LHM and maybe to reproduce it more facility, reducing any risks correlated

to this maneuver.
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Introduction of parenchyma transection without prior mobilization

of the liver. The main advantages consist in: decreased

In 1952, Lortat-Jacob and Robert (1) firstly had described

) o ) intraoperative blood loss and transfusion requirements
the complete liver mobilization and extrahepatic vascular

(3,4); these benefits may be explicated because first of all

ntrol for right h my. Thi hni e . L .
controt for rig t cpatectomy. s Fec que was ad(')pted the mobilization of right liver is easier after parenchymal
by most hepatic surgeons, becoming the conventional . . .

transection, even with large tumors and secondly there is

approach to right resection, because it increased the safety minimal manipulation of the tumor (no-touch technique).

of major hepatectomies (2). In 1992 Ozawa proposed the
anterior approach (AA) to circumvent to some problems of
liver mobilization: (I) high risk of hemorrhage in difficult
right-sided mobilization (especially in huge tumors invading
the surrounding structures) (3); (II) intraoperative systemic
hemodynamic instability due to twisting and compression
of inferior vena cava IVC) (4); (III) risk of tumor rupture or
systemic dissemination of cancer cells due to manipulation
of tumor (5); (IV) damage of the remnant liver caused
by mechanical compression of parenchyma and inflow
reduction due to pedicle torsion (4,6). The AA consists
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Moreover, the AA contribute to a better preservation of
post-operative liver function by avoiding pedicle torsion
and mechanical compression of the remnant liver (6,7).

However, the principal disadvantage of the AA is due
to perform an optimal bleeding control in the deeper
parenchymal plane as a result of the difficulty involved
in elevating the liver and providing effective hemostatic
manual compression (3,8).

In 2001, Belghiti ez a/. (9) described a technique called
“liver hanging maneuver” (LHM) (Figure 1): consisting in
lifting the liver during parenchymal transection by a tape
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Figure 1 Principle of liver hanging maneuver. The picture shows
the blind passage of the nasogastric tube trough the space between
the RHV and MHV with a right-angle vascular clamp for lifting the

liver during parenchymal transection.

passed between the anterior surface of IVC and the liver. In
this manner surgeons achieve the effective vascular control
especially for the deeper parenchymal transection, so they
can perform an AA easier and safer. Moreover, LHM gives
another important advantage consisting in guidance of the
direction of anatomic parenchymal transection (9,10).

The avascular plane of RHIVC: anatomic basis
(Figure 2)

LHM can be performed due to the existence of a
longitudinal avascular and virtual space between anteriorly
the posterior face of liver and posteriorly the anterior face
of IVC. In fact, the most important and risky point is the
dissection along the anterior wall of the retrohepatic IVC
(RHIVC) (9). The avascular plane of RHIVC is located at
10-11 o’ clock along the anterior face of IVC; it is firstly
described by Couinaud in 1981 (11). This avascular plane
was defined as the smallest distance between 2 veins on
the clamp progression during dissection, this distance was
measured in 8.7£2.3 mm (2-15 mm) by Trotovsek et al. (12).
Even if the anatomy of RHIVC and its venous tributaries
are variable and complex, anyway RHIVC presents some
constant features (13).
In particular we can summarize:
% Main hepatic veins: right hepatic vein (RHV),
common trunk joining the middle hepatic vein

(MHYV) and the left hepatic vein (LHV);
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Figure 2 Anatomy of RHIVC. Picture shows the anatomy of
RHIVC and his avascular plane, which is located at 10-11 o’ clock
along the anterior face of IVC. Red arrow shows the direction of
the passage of vascular clamp to reach the nasogastric tube along the
avascular plane to perform the LHM. LHM, liver hanging maneu-
ver; IVC, inferior vena cava; RHIVC, retrohepatic inferior vena
cava; IRHYV, inferior right hepatic vein; MRHYV, middle right he-
patic vein; SHV, short hepatic vein; RHYV, right hepatic vein; MHYV,
middle hepatic vein;, LHV, left hepatic veins; CV, caudate vein.

% Left anterolateral part of the RHIVC receives the
caudate processus vein (CV) in middle position;

% Right anterolateral part of the RHIVC receives the
CV in its caudal part;

% Right middle hepatic vein (MRHV) and/or right
inferior hepatic vein (IRHV) in its cranial part.
MRHYV mainly receives venous drainage of segment
7, it is often unique. IRHV most frequently receives
the venous drainage of segment 6 and sometimes it
can be an accessory of segment 7;

» Short hepatic veins (SHVs) are variable in position,

D>

dimension and number; they receive the venous
drainage of segment 8 and the majority are
submillimetric;

% In 7-15% of cases small SHVs can be found in this
avascular plane (14-16).

Our LHM (technical variant)—step by step (Figure 3)

This method is used routinely by the Reims Team and it
is similar to the one described by Belghiti ez 4/. (9) in 2001
with some peculiarities: it is a combined bidirectional up
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Figure 3 Liver hanging maneuver (technical variant)-step by step (17).
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and down (or cranio-caudal) approach.

This approach is adopted to facilitate the right
hepatectomy with AA, but it can be modified for left
hepatectomy.

First of all we expose the bifurcation of the RHV, MHV
and LHV and the anterior surface of the IVC. We prepare
the space between the RHV and MHV by separating them
with a curved dissector for 3—4 cm. With very smooth
and gently movements to downward we expose the plane
between IVC and liver capsule.

After that we open the space between the IVC and the
infra-hepatic caudate process to expose the anterior face
of RHIVC. Normally, it can be found a retro-hepatic vein
from segment 6 (IRHV), we usually isolated and sectioned
this vein, because it can be hindered during the LHM
causing a complicated bleeding. From the top, we continue
the gently hydro-dissection of the anterior plane of RHIVC
at 10-11 o’ clock along the anterior face of RHIVC between
the RHV and MHV. From down to up, along the avascular
plane of RHIVC we introduce a slightly curved aortic
clamp behind the caudate lobe and it passed cranially along
the anterior surface of IVC towards the space prepared
between 10 and 11 o’ clock position and between the
previously dissected space RHV and MHV. Completed the
dissection, the hepatic parenchyma is suspended with a 14
Fr nasogastric tube, therefore this traction allows to control
every time eventually venous bleeding and to recognize the
bleeding vessel. Moreover, we use the nasogastric tube as a
gently dissector to complete the atraumatic preparation of
the avascular space due to its rigidity.

We have adopted a gently dissection of the avascular
space using: (I) smooth and gently movements; (II) hydro-
dissection; (IIT) 14 Fr nasogastric tube.
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Discussion

In 2001 Belghiti et al. (9) firstly have developed LHM
for right hepatectomy, making the AA easier and safer,
after that LHM was modified for left hepatectomy, living
donor hepatectomy and for a superior exposure of the
suprahepatic region during hepatectomy in orthotopic liver
transplantation with IVC preservation (13).

Among the important advantages of this technique
we include that the nasogastric tube guides the surgeon
along the correct anatomical dissection plane, facilitating
the parenchymal transection along the shortest route. In
particular, it allows to maintain the optimal orientation in
those conditions in which the anatomy is highly distorted,
such as the segmental atrophy of the liver, large tumors,
polycystic disease and in the embolization of the portal vein.

With the upward traction of the nasogastric tube
the surgeon can obtain both a reduction of the venous
backflow bleeding (such as a digital compression), allowing
a bloodless transection, and the opening of the dissection
and transection plane thus being able to more easily identify
and manage the bile ducts and vessels, even in the deeper
planes (10,18,19).

Moreover, surgeons can achieve a complete vascular
exclusion of the liver along the transection plane performing
a LHM combined with a Pringle’s maneuver.

Recently, our group have described a combined
technique called: “double-tightened maneuver” (20).

This modified double LHM lead to total vascular
exclusion of the liver parenchymal transection area and to
permanent control of the outflow from segment 4, 5 and
8 during hepatectomy.

Thus, we perform a total occlusion of the outflow
during liver transection, by two lateral tapes tightened with
tourniquets.

In particular, as we have reported: the left tape is passed
between the right and left Glisson’s pedicles while the right
tape is passed under the right hepatic artery to be on the
right side of the right Glisson’s pedicle. The lateral two
tapes can be gradually tightened and clamped by a flexible
tourniquet, so obtaining an interruption of the right portal
flow while maintenance the left portal flow associated
to a total exclusion of blood flow from the parenchymal
transection area.

In addition, we put a third tape (we prefer a nasogastric
tube 14 Fr) (20) to facilitate the better exposure and
hemostasis of the lower parenchymal plane above the IVC,
as the classic technique of the LHM.
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This combined technique preserve the remnant liver
from ischemic insult, limiting the vascular exclusion to
the transection parenchyma line. The total inflow and
outflow control is obtained in an easier and less traumatic
way compared to the classic total vascular exclusion
technique (21-23).

In literature the reported vascular injury risk during
LHM vary about 85-93%, for this reason in 7-15% of
cases this space can be vascularized by a lower density of
veins (12,14-16,24).

The possibility rate to perform LHV is between
96-100% in recent 5 studies, the inability to complete
the LHV with suspension of the liver was related to the
absence of interhepatocaval space due to tumor infiltration,
inflammatory or post-operative strict adhesions between
liver and the retro-hepatic IVC, and/or enlarged liver.
Anatomic vascular variations has never hindered the
LHM (9,10,24-26).

This technique is not burdened by mortality, minor
accidents are uncommon (0-7%) and are always of vascular
nature (10,18). In fact, during LHM the main cause of
bleeding is the dissection into the subcapsular plane, because it
may begin in a too superficial plan (10,18). Therefore to avoid
this bleeding, as we have shown in our video, it is essential to
start the dissection between RHV and MHYV, proceeding in to
incision and dissection of all the fibrous tissue in front of IVC.

Moreover, it is crucial to expose completely the anterior
wall of IVC by incising all the covering fibrous tissue.
In most cases to apply in safety the LHM it is crucial to
perform the best caval exposure associated or not with the
entire cranio-caudal dissection.

As we shown in our video, we perform both the opening
of all the covering fibrous tissue in front of IVC and we
push to the maximum the cranio and caudal dissection even
blinded with a smooth and gently hydro-dissection.

Furthermore, the injury of an SHV can be a cause of
bleeding, it can be explained by an error in dissection plane
(i.e., wrong direction—too pushed to the left or to the right
of the IVC), or rarely due an aberrant SHV in avascular
plane (10,13,18). Surgeon can control this complication by
putting gauze in the dissection plane and releasing the liver
traction. Normally, the liver with his weight provides an
enough tamponade to achieve hemostasis, in addition these
vessels present a small size and the circular muscular fibers
of the junction of the SHVs to RHIVC have a potential
contraction. Mobilization of the liver becomes necessary in
case of persistent bleeding. Furthermore, a major hepatic
vein thrombosis or compression determines a compensatory
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hypertrophy of the SHVs with the inaccessibility to the
avascular plane (considerable reduction or obliteration).
Thus, the blind dissection among the avascular plane should
be carried with extreme attention (13,18,27).

The infiltration of the avascular plane by liver lesion
is the only contraindication (18). Systemic chemotherapy
may render the retrohepatic space free of tumor by its
regression, permitting into consideration the possibility to
use a LHM (18).

Nowadays, those conditions like cirrhosis, preoperative
transcatheter arterial chemoembolization and/or portal
vein embolization, large tumor size do not significantly
compromise the success rate of the LHM (18).

Notably, preoperative triphasic CT-scan can help to
evaluate the possibility to perform a LHM: special attention
should be carefully given to the state of RHIVC. Therefore
LHM can be considered if tumors do not infiltrate the
avascular space (18). Moreover, the eventually strict
adhesion between IVC and liver by previous surgery or
severe tumor inflammation should be carefully evaluated
before pursuing a LHM.

Conclusions

The LHM is a useful technique giving a safe AA of major
hepatectomies.

We think our video can help surgeons especially
junior surgeons to understand better LHM and maybe to
reproduce it more facility, reducing any risks correlated to
this maneuver.

Surgeons should pay attention performing LHM to
avoid major bleeding during blind retrohepatic dissection.

The tumor or inflammation infiltration of the retrohepatic
avascular space remains the absolute contraindication for
LHM.

If LHM is performed without major bleeding and in
the correct avascular plane, it gives important benefits
as: less tumor dissemination, reduced hemorrhage, less
ischemic damage of remnant liver, improved intraoperative
hemodynamic stability, providing vascular outflow control
and improve better exposure of deep parenchymal plane
during transection.
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