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1. Introduction

Liver resection is considered the treatment of choice for liver tumours. Despite standardized
techniques and technological advancing for liver resections, an intra-operative haemorrhage
rate ranging from 700 and 1200 ml is reported with a post-operative morbidity rate ranging
from 23 and 46% and a surgical death rate ranging from 4 and 5% [1],[2],[3],[4],[5],[6].

The parameter "Blood loss" has a central role in liver surgery and different strategies to
minimize it are a key to improve these results. Bleeding has to be considered a major concern
for the hepatic surgeon because of several reasons. At first it is certainly the major intra-
operative surgical complication and cause of death and historically one of the major postop-
erative complication together with bile leaks and hepatic failure [5],[6],[7],[8],[9].

Besides a high intra-operative blood loss is associated with higher rate of post-operative
complication and shorter long-term survival [10],[11],[12],[13]. Furthermore it is associated with
an extensive use of vessel occlusion techniques, directly correlated with higher risk of post-
operative hepatic failure. Last, a higher value of intra-operative blood loss is associated with
a higher rate of peri-operative transfusions; host immunosuppression associated with trans-
fusions with a dose-related relationship is correlated with a higher rate of complication (in
particular infections) and recurrence of malignancies in neoplastic patients [11],[12],[14],[15],
[16],[17],[18],[19],[20],[21]. In order to reduce transfusions hepatic surgeon has also not to
misinterpret post-operative fluctuations of blood parameter: Torzilli at al. demonstrated that
haemoglobin rate and haematocrit after liver resection show a steady and significant decrease
until the third post-operative day and then an increase; so this situation has to be explained as
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168 Hepatic Surgery

physiological and does not justifies blood administration [22].Although the mechanism of
bleeding in surgical interventions is multifactorial, technical factors may be responsible for a
significant amount of intraoperative and early postoperative bleeding. The main progress in
reducing perioperative blood loss has been made through improved surgical and anesthetic
techniques and through better understanding of hemostatic disorders in patients who have
liver disease. developments in surgical, anesthesiologic, and pharmacologic strategies that
have contributed to a reduction of blood loss during liver surgery in cirrhotic and noncirrhotic
patients. The clinical relevance of different types of strategies may vary, depending on the
stage of the operation. For example, topical hemostatic agents have a role in reducing blood
loss from the hepatic resection surface after partial liver resection, whereas surgical techniques
play a more important role during transection of the liver parenchyma (Fig. 1).

2. How can we reduce bleeding in liver surgery?

Figure 1 shows the amount of blood loss during the different phases of liver surgery. It is clear
that the higher risk for bleeding and the greater amount of blood loss occur during the
parenchymal transection phase of the procedure.

Stage 1 Stage 2 Stage 3
Transsection of Check of resection
Dissection parenchyma _ | surface
- ~
- Identification efferent Blood loss related tg: - - H.Bm.ostasis
and afferent vessels . . N
- Surgical tgghnique - Biliostasis
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Figure 1. The mechanisms of bleeding and the relative amount of blood loss (dotted line) during the three surgical
stages of partial liver resections. In general, most bleeding can be encountered during transsection of the liver paren-
chyma. In this stage of the operation, blood loss is mainly caused by bleeding from the resection surface of the liver.

The aim of the study is to investigate the principal solutions to the problem of high blood loss
in hepatic resection, considering the role of surgeons and anestesiologists. Table 1 resume all
the methods to prevent or reduce bleeding during liver surgery. Moreover we focused our
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attention on the technological aspects of liver parenchima transection. We will describe each
technology and instrument discussing the principle of functioning, the technical characteristics
and analysed the advantages (A) and the disadvantages (D) correlated to their employment
during liver transection. We divided the instruments taking into account the energy employed
for their functioning.

Surgical

Vascular clamping techniques

Inflow occlusion

Continuous Pringle maneuver

Continuous Pringle maneuver after ischemic preconditioning

Intermittent Pringle maneuver

Total vascular occlusion

Dissection devices for transsection of liver parenchyma

Classic methods

Scalpel

"“Finger-fracture’ method

Clamp crushing

Ultrasonic dissection

Hydro-jet dissection

Electro coagulation (monopolar, bipolar,Argon coagulation)

Radiofrequency ablation-based devices

Staplers

Topic hemostatic agents

Anesthesiologic

Maintaining low central venous pressure by using

Volume contraction

Phlebotomy

Vasodilatation

If needed, forced diuresis

Blood products

Use of pharmacologic agents

Antifibrinolytics

Recombinant factor Vlla

Table 1. Surgical and anesthesiologic methods used to reduce blood loss in liver surgery
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170 Hepatic Surgery

Moreover we tried to compare the different instruments and technologies basing on literature
data toidentify the best instruments for each type of liver resection (open surgery, laparoscopic
surgery, resective surgery, oncologic surgery, liver transplantation).

3. The role of the surgeon

Most blood loss during liver resection occurs during parenchymal transection. Hepatic
surgeon has different ways to control bleeding:

Vessel occlusion techniques: Those technique are based on the idea that to limit the blood
flow through the liver during parenchymal transection can reduce the haemorrhage. Although
various forms and modified techniques of vascular control have been practiced, there are
basically two main strategies; inflow vascular occlusion and total vascular exclusion23-24
Inflow vascular occlusions are techniques that limit anterograde blood flow with the clamping
of all the triad of the hepato-duodenal ligament (Pringle s manoeuvre, PM), only of the vascular
pedicles (selective clamping of the portal vein and the hepatic artery or Bismuth technique) or
intravascularportal clamping. During Pringle’s manouvre the hepatoduodenal ligament is
encircled with a tape, and then a vascular clamp or tourniquet is applied until the pulse in the
hepatic artery disappears distally. The PM has relatively little general haemodynamic effect
and no specific anaesthetic management is required. However, bleeding can still occur from
the backflow from the hepatic veins and from the liver transection plane during unclamping.
The other concern is the ischaemic-reperfusion injury to the liver parenchyma, especially in
patients with underlying liver diseases25. The continuous Pringle manoeuvre (CPM) can be
safely applied to the normal liver under normothermic conditions for up to 60 minutes and
up to 30 minutes in pathological (fatty or cirrhotic) livers, although much longer durations of
continuous clamping 127 minutes in normal livers and 100 minutes in pathological livers have
been reported to be safe26-27. One way to extend the duration of clamping and to reduce
ischaemia to the remnant liver is by the intermittent Pringle manoeuvre (IPM). It involves
periods of inflow clamping that last for 15-20 minutes followed by periods of unclamping for
five minutes (mode 15/5 or 20/5), or five minutes clamping followed by one minute unclamping
(mode 5/1)28-29 IPM permits a doubling of the ischaemia time, when compared with CPM
and the total clamping time can be extended to 120 minutes in normal livers and 60 minutes
in pathological livers. The disadvantage of IPM is that bleeding occurs from the liver transac-
tion surface during the unclamping period and, thus, the overall transection time is prolonged
as more time is spent in achieving haemostasis. Belghiti et al (1999) revealed that there was no
significant difference in total blood loss or volume of blood transfusion between CPM and IPM
(mode 15/5). However, they noticed that pathological livers tolerated CPM poorly.

A newer perspective on inflow occlusion comes from the concept of ischaemic preconditioning
(IP). It refers to an endogenous self-protective mechanism by which a short period of ischaemia
followed by a brief period of reperfusion produces a state of protection against subsequent
sustained ischaemia-reperfusion injury [30]-[31]. The IP is performed with ten minutes of
ischaemia followed by ten minutes of reperfusion before liver transaction with CPM [32].
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Hemihepatic clamping (half-Pringle manoeuvre) interrupts the arterial and portal inflow
selectively to the right or left liver lobe that is to be resected [33]-[34]. It can be performed with
or without prior hilar dissection. It can also be combined with simultaneous occlusion of the
ipsilateral major hepatic vein. The advantage of this technique is that it avoids ischaemia in
the remnant liver, avoids visceral congestion and allows clear demarcation of the resection
margin. The disadvantage is that bleeding from the parenchymal cut surface can occur from
the nonoccluded liver lobe.

Segmental vascular clamping entails the occlusion of the ipsilateral hepatic artery branch and
balloon occlusion of the portal branch of a particular segment. The portal branch is identified
by intra-operative ultrasound and puncture with a cholangiography needle through which a
guide wire and balloon catheter is passed [35],[36].

Total vascular exclusion (TVE) combines total inflow and outflow vascular occlusion of the
liver, isolating it completely from the systemic circulation. It is done with complete mobilisa-
tion of the liver, encircling of the suprahepatic and infrahepatic IVC, application of the Pringle
manoeuvre, and then clamping the infrahepatic IVC followed by clamping of the suprahepatic
IVC. TVE is associated with significant haemodynamic changes and warrants close invasive
and anaesthetic monitoring. Occlusion of the IVC leads to marked reduction of venous return
and cardiac output, with a compensatory 80% increase in systemic vascular resistance and 50%
increase in heart rate and, thus, not every patient can tolerate it. TVE can be applied to a normal
liver for up to 60 minutes and for 30 minutes in a diseased liver. The ischaemic time can be
extended when combined with hypothermic perfusion of the liver [37]-[38]. Apart from the
unpredictable haemodynamic intolerance, post-operative abdominal collections or abscesses
and pulmonary complications are more common in TVE, when compared with CPM.

Inflow occlusion with extraparenchymal control of hepatic veins is a modified way of per-
forming TVE. The main and any accessory right hepatic vein, the common trunk of the middle
and left hepatic veins, or the separate trunks of the middle and left hepatic veins (15% of cases)
are first dissected free and looped. It has been reported that the trunks of the major hepatic
veins can be safely looped in 90% of patients [39]-[40]. The loops can then be tightened or the
vessels clamped after inflow occlusion is applied, so that the liver lobe is isolated from the
systemic circulation without interrupting the caval flow. It can be applied in a continuous or
intermittent manner. The maximal ischaemia time is up to 58 minutes under continuous
occlusion. This technique is more demanding than TVE, but it can avoid the haemodynamic
drawbacks of TVE while at the same time provide almost a bloodless field for liver transection.

Instruments and technique for resections: Although a large part of improvements of these
last decades in liver surgery can be correlated to a better knowledge of the surgical hepatic
anatomy (Couinaud’s segmentation of liver [41]), better monitoring during anaesthesia and
introduction of intra-operative ultrasonography and of other imaging techniques, the choice
of surgical technique for sectioning the liver has surely important repercussions on the
intervention’s outcome. Furthermore in the last two decades improvements in technology
allowed the development of a large number of instruments with the aim to reduce blood loss
during surgical procedure. The main part of these tools have been developed or applied to
liver surgery. The rationale in liver transection is to employ an instrument that can selectively
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eliminate parenchyma leaving vital structures intact. In other words, a resistance modulated
device, able to fragment low-resistance tissue (hepatic parenchyma) preserving fibrous (high-
resistance) components such as vessels and biliary ducts, successively ligated by the surgeon.
To date, no single instrument has been designed to adequately satisfy both of these tasks.

There are two techniques we could define traditional: the finger fracture method and the clamp
crushing method. These are the oldest techniques for hepatic transection and are still employed
especially by long experienced surgeons. Techniques of liver transection gained marked
attention since the introduction of the clamp-crushing technique in the 1970s.10,11 As a
refinement of the finger fracture method, it has served as the reference technique for liver
transection ever since.

The use of traditional techniques to isolate bile ducts and vascular pedicles from the sur-
rounding parenchyma provides for employment of clips or sutures for sealing bile ducts and
vascular vessels and for other haemostasis techniques to stop haemorrhage from the resection’s
surface. There are several studies those sustain that traditional methods are still competitive
with new technique based on utilization of special devices [1],[42],[96] In a recent Metanalysis
Rahbari and coll concluded that the clamp-crushing technique could be still reccomended as
the reference method for the transection of the parenchyma during liver surgery [12], [4].

Introduction of new devices for liver dissection surely have an important role, in particular
for reduction of intra-operative blood loss. Actually the most important devices useful for liver
resection are the followings, presented as they are from a technical point of view and analysed
to find the advantages (A) and the disadvantages (D) correlated to their employment and
divede according to the source of energy employed. There are two types of transection devices:
those mainly used for dissection (e.g. the haemostatic clamps or ultrasonic dissector) and
mainly used for haemostasis and coagulation (e.g. sutures, endo-staplers, sealers, etc.) (table
2). Moreover the water-jet, the ultrasonic aspirator (CUSA®) and the blunt dissection can be
categorised under selective dissection techniques. Non-selective techniques cannot discrimi-
nate between duct structures and parenchyma. To mention are finger fracture and mechanical
instruments as the scalpel, the scissors and with reservation the linear stapler as well as thermal
instruments as the high-frequency electrocoagulator, the laser, the bipolar forceps or the
scissors of the UltraCision®

Preparation Transection

Finger fracture ligation

crush/clamp clips

suction knife electrocoagulation (mono/bipolar)
CUSA Microwave tissue coagulation
Water Jet Ultracision

Jet-Cutter Ligasure

Tissuelink Gyrus

Aquamantys

Table 2. Surgical techniques for preparation and tissue transection of the liver
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Furthermore most attempts have involved use of radiofrequency ablation-based instruments
in a “precoagulation strategy” in which the energy device is used to burn and seal the
parenchyma before sharp dissection. In the second strategy, ultrasonic-activated instruments
cut through the liver while sealing the vessels. Both method suffer from the fact that large
vessels are poorly visualized and can bleed on transection. In addition, blood or biliary vessels
from adiacent parts of the liver meant to be salvage can be inadvertently injured by this “blind”
coagulation.

3.1. Tools based on ultrasound technology

Harmonic Scalpel, HS (Johnson and Johnson Medical, Ethicon, Cincinnati, USA): Also known
as "Ultrasonically Activated Scalpel" or "Ultrasonic Coagulation Shears", this instrument was
introduced in the early 1990s. The ultrasound scissors System includes a generator with a foot
switch, the reusable handle for the scalpel and the cutting device with scissors. The scissors
are composed by a moveable blade and by a fixed longitudinal blade that vibrates with a
ultrasonic frequency of 55,5 kHz (55.500 vibrations per second). HS can simultaneously cut
and coagulate causing protein denaturation by destroying the hydrogen bonds in proteins and
by generation of heat in vibrating tissue. This generated heat denatures proteins and forms a
sticky coagulum that covers the edges of dissection. Although the heat produces no smoke
and thermal injury is limited, the depth of marginal necrosis is greater than incurred by either
the water jet or CUSA The lateral spread of the energy is 500 micrometers.

A: HSis the only instrument that can simultaneously cut and coagulate (it can coagulate vessel
until 2-3 mm of diameter [43]); it's useful on cirrhotic liver [44]; no electricity passes through
the patient and there’s no smoke production (especially useful in laparoscopic surgery); it can
be used in laparoscopic and laparotomic surgery. D: The instrument results in a continuous
bleeding risk related to the blind tissue penetration to coagulate vessels hidden into the hepatic
parenchyma. Studies demonstrate that HS is not capable to reduce blood loss and operating
time compared to traditional techniques [45]-[46], cannot coagulate vessel over 2-3 mm of
diameter which have to be clipped, legated or sealed with other instruments; HS is not easy
to use as a blunt dissector and have substantially demonstrated its usefulness only during the
resection of the superficial part of liver (2, 3 cm) free from large vessels and bile ducts; besides
some studies have demonstrated that HS increases the rate of post-operative bile leaks [47]-
[48] raising concern that HS may not be effective in sealing bile ducts. this postoperative bile
leakage occurred because Glisson’s sheath was not completely sealed when the HA is used
blindly in the deep liver parenchymal layer. It was difficult to seal the sheath precisely in the
deep liver parenchymal layer.

The use of HS in liver cirrhosis is controversial. The greatest concern with the use of the
harmonic scalpel is the risk of shearing [49]. Slight errors of movement can shear parenchyma
without completely coagulating vessels and/or ducts. Moreover it’s expensive (the generator
costs US$20.000 and the handle US$ 250). An evolution fo the harmonic Scalpel is the Harmonic
FOCUS. Using this device the liver parenchyma is crushed by the nonactivated HF, which
blades are similar to Kelly forceps, and the tiny areas of residual tissue are checked and
completely sealed with the activated HF without changing to forceps. This device allow, after
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accurate exposure, a sealing “under view” of tiny vasculatures and biliary structures and this
seems to reduce bleeding and postoperative bile leakages. [125-126] This new technique has
been called “fusion technique”.The attempt to accomplish both the task of division and of
hemostasis is provided by a recently introduced device, which intends to crush liver paren-
chyma simul taneously sealing the vessels without the need to change the instrument, the so
called focus-clysis or “fusion technique’

Functionally, the instrument should be compared to a Kelly, in which the surgeon can adjust the
precision and depth of cutting by modulating blade pressure; parenchyma crushing exposes the
tiny vessels that can be coagulated employing the harmonic technology provided in high power
(1-2 mm vessels) and low power (up to 5 mm). Vessels larger than 5 mm in diameter should be
divided and ligated in a traditional fashion. It seems that the ‘fusion technique’ could reduce
blood loss and the incidence of biliary fistula, with a cost comparable to other technologies.

Cavitron Ultrasonic Surgical Aspirator, CUSA (Valleylab) (Fig 2): The use in liver surgery of
this instrument, also known as Ultrasonic Dissector, was described for the first time in
literature in 1979 by Hodgson [50]. CUSA is a surgical system in which a pencil-grip surgical
hand piece contains a transducer that oscillates longitudinally at 23 kHz and to which a hollow
conical titanium tip is attached. The vibrating tip of the instrument causes explosion of cells
with a high water content (just like hepatocytes) and fragmentation of parenchyma sparing
blood and bile vessel because of their walls prevalently composed by connective cells poor of
water but rich of intracellular bonds. This device (together with hydrojet dissector) should be
considered among that tools able to selectively divide parenchyma from vessels according to
their different mechanical resistance (in which hepatocytes contain less fibrous tissue than the
vessel, thus offering less resistance to crushing during parenchymal division), the so called
selective dissection technique.

Figure 2. Parenchima transection using CUSA
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The device is equipped by a saline solution irrigation system that cools the hand piece
and wash the transection plane and by a constant suction system that removes fragment-
ed bits of tissue and permits excellent visualization. A: CUSA is capable to dissect offer-
ing excellent visualization resulting useful in particular during non-anatomical resections
and approaching the deeper portion of the transaction plane [51]-[52]. The instrument al-
lows surgeons to see clearly blood and biliary vessels as they dissect through the liver
[53], (2) use of the instrument allows them to avoid prolonged extrahepatic vascular con-
trol, and (3) the operation actually takes less time because the vessels are continuously
controlled during the dissection and there is little need for a prolonged search for bleed-
ing or biliary vessels after the specimen has been removed.

A previous retrospective study from Fan showed that the ultrasonic dissector resulted in lower
blood loss, lower morbidity, and lower mortality compared with the clamp crushing technique
[54] Furthermore, ultrasonic dissection resulted in a wider tumor-free margin because of a
more precise transection plane.

D: CUSA can’t coagulate or realize haemostasis so it need to be used in couple with an other
instruments to achieve hemostasis and biliostasis. Even if some studies sustain it to be capable
to reduce intra-operative blood loss, operating time and duration of vessel occlusion [55],
important studies demonstrate that CUSA can’t offer these advantages if compared with
traditional techniques; a prospective trial by Rau et al. showed no statistical difference in
reduction of blood loss with the use of CUSA as compared to conventional methods [56]; and
another trial by Takayama et al. [52], in fact, noted a greater median blood loss. CUSA causes
more frequent tumour exposure at the surgical margin than traditional techhiques| 1] and it’s
less useful for cirrhotic livers because the associated fibrosis prevents easy removal of
hepatocytes [57]; besides some authors found using CUSA method (compared to clamp
crushing method) an increase of venous air embolism without evidence of hemodynamic
compromise but with increased risk of paradoxical embolism in cirrhotic patients [58].
Moreover CUSA should be used in association with other devices which are able to perform
hemostasis. The instrument seems cumbersome and complicated to inexperienced operating
room personnel. Therefore, it is easy for the instrument to malfunction. The fact that the
instrument works by removing a margin of liver tissue makes it, by nature, less attractive for
harvesting liver for living-donor transplantation.

3.2. Tools based on radiofrequency technology

Tissuelink Monopolar Floating Ball, TMFB (Floating Ball, TissueLink medical, Dover, NH,
USA) (Fig 3): This new instrument put on the market in 2002 is a linear device that employs
Radiofrequency energy focused at the tip to coagulate target tissue. The tip is provided with
a low volume (4-6 ml/min) saline solution irrigation that makes easier the conduction of RF in
surrounding tissue and cools the tip itself avoiding formation of chars. TMFB can seal vascular
and bile structures up to 3 mm in diameter by collagen fusion. These qualities makes this device
an excellent instrument for achieving haemostasis and in particular for pre- coagulating (with
a painting movement) parenchyma and vessels prior to transection, preventing blood loss.
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Figure 3. The Tissue Link working performing a liver resection

Otherwise continuously heating tissue underneath a cool layer, however, causes a build
up of steam that can result in tissue destruction. The latter phenomenon is known as
steam popping [59].

There are two models on the market, the DS3.0 with blunt tip that simply coagulates and the
DS3.5-C Dissecting Sealer that is provided with sharp tip that can also dissect. A: The instru-
ment is, in a sense, “friendlier” to most surgeons. In other words, surgeons, who are usually
adept at using cautery, can easily understand this mechanism of action and use it accordingly.
TMEFB can coagulate (and the Dissecting Sealer can also cut) tissues and seals blood and bile
ducts up to 3 mm in diameter, is able to reduce blood loss and the recourse to vessel occlusion
techniques if compared to traditional technique s [60],[61],[62], offers good results also in
cirrhoticlivers and cystopericystectomy [63] and has a saline irrigation that avoids production
of smoke, chars and sticky coagulum to which the device could stick causing new bleeding
when it’s moved away. TMFB, used on the cut liver surface after dissection, destroys eventual
additional cancer cells at the margin of resection; in order to assure sterile margins, extra tissue
destruction at the margins of resection may be desirable for tumor excisions. Otherwise this
could be a disadvantage in case of living donor liver transplantation. It's available for both
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laparotomic and laparoscopic surgery and it’s quite cheap and compatible with most electro-
surgical generator currently available.

D: TMFB is not able to coagulate vessel over 2-3 mm of diameter which have to be clipped,
legated or sealed with other instruments [64]. So the instrument should be used in combination
with other instruments or clips or ties. Moreover studies do not demonstrate it’s efficacy to
reduce operating time if compared with traditional techniques [65].

Bipolar Vessel Sealing Device, BVSD (LigaSure, Valleylab Inc. Boulder, Colorado, USA)
(fig 4): The use in liver surgery of this instrument was described for the first time in liter-
ature in 2001 by Horgan [67]. The LigaSure System includes a generator with a foot
switch and a clamp-form hand piece that can be used for parenchymal fragmentation and
isolation of blood and bile structures just like in clamp crushing technique before applica-
tion of energy; it employs RF to realize permanent occlusion of vessels or tissue bundle.
The LigaSure generator has a Valleylab’s Instant Response technology, a feedback-control-
led response system that diagnoses the tissue type in the instrument jaws and delivers the
appropriate amount of energy to effectively seal the vessel: when the seal cycle is com-
plete, a generator tone sound, and output to the handset is automatically discontinued.
BVSD is capable to obliterate the lumen of veins and arteries up to 7 mm in diameter by
the fusion of elastin and collagen proteins of the vessel walls; that makes BVSB the only
safe and real alternative to sutures and clips for sealing vessel [68],[69],[70].

Figure 4. The Ligasure Atlas during parenchyma transection

A: BVSD coagulates sealing vessels up to 7 mm in diameter with minimal charring, thermal
spread or smoke, it’s capable to reduce blood loss and the need for vessel occlusion techniques if
compared to traditional techniques [8],[71],[72], A recently published randomized controlled
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trial demonstrated that the use of Ligasure in combination with a clamp crushing technique re-
sulted in lower blood loss and faster transaction speed in minor liver resections compared with
the conventional technique of electric cautery or ligature for controlling vessels in the transec-
tion plane [73]. Otherwise a more recent randomized trial from the same team was not able to
show a real difference between the traditional techniques and the Ligasure vessel sealing sys-
tem [74]. The instrument is available for both laparotomic and laparoscopic surgery [75]. Fur-
thermore the use of Ligasure System is not correlated with an increase of the rate of post-
operative bile leaks and in some study bile leakage was nihill [76]-[127] and that proves his
effectiveness in obliterate also bile vessel. D: after the application the coagulated tissue often
sticks to the instrument’s jaws causing new bleeding when the device is moved away; BVSD
seems to be less effective in presence of cirrhosis for two reasons: first the portal hypertension
correlated with cirrhosis causes thinning of the dilate portal vein’s walls and makes their obliter-
ation less effective; second cirrhosis makes crushing technique difficult and the hepatic tissue
between the blades may disperse the power applied causing vessel to bleed [128]; moreover it
seems to be ineffective in cystopericystectomy [77] (even if some surgeons sustain his effective-
nessin thissurgery [78]). Ligasure vessels sealing system has been widely use during liver trans-
ectionina “blind” way [70]-[71], achieving parenchymal fracture and vessel sealing in the same
time without identification of tiny vasculatures and bile ducts. This could be considered a limits
of this tools which do not allow the surgeon to clearly check the structures which are going to be
sealed. To overcome this limit a technique similar to the “fusion technique” used with Harmon-
ic FOCUS has been developed for the Ligasure vessel sealing system [130]., using the Ligasure
precise. With this technique using LigaSure itself, the hepatic parenchyma was widely and gen-
tly crushed and confirmed that the remnant vessels and tiny vessels ( 2mm in diameter) were
divided by the LigaSure under direct vision. This allow to coagulate only vessels appropriate for
sealing with this instrument and imprtant vascular pedicles to adjacent segments can be visual-
ized and protected. Larger vessels (3mm in diameter) were tied by absorbable braid. This ap-
proach seems to reduce transection time and is the so called “postcoagulation technique” [138].

Habib’s technique: This technique, invented by Habib in 2002, is also known as Bloodless
Hepatectomy Technique [10],[88]. Resection is conducted using cooled tip RadioFrequency
probe those contain a 3 cm exposed tip to coagulate liver resection margins. Once a 2 cm-wide
coagulative necrosis zone is created by multiple applications of the probes in adjacent zones
and at different depths, the division of the parenchyma with a surgical scalpel is possible
without any bleeding. Both the remnant liver and the removed specimen have on the margin
of resection a portion of necrotic coagulated liver I cm thick.

A:The primary problem with each of the previous devices is that whilst small vessels can be coa-
gulated during transection, larger vessels are often left patent and injured, which can result in
considerableblood loss requiring tedious clipping and suturing in order to achieve haemostasis.

Habib’s Technique allows hepatic resections with marginal blood loss, without any vessel oc-
clusion technique or intra or post-operative transfusions, coagulating each vessel encountered
in the field of energy application; In a preliminary study of 15 cases of mainly segmental or
wedge resection reported by Weber et al., the mean blood loss was only 30+10 ml, and no com-
plications such as bile leakage were observed [88]. Another group also reported low blood loss
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using this technique in liver resection [89]. Haemostasis is obtained only by RF thermal energy:
no additional devices like stitches, knots, clips or fibrin glue are needed [10],[88],[90],[91]; it’s ef-
fective also in the cirrhotic liver and the I-cm-thick of burned coagulated surface assures mar-
gins free from tumour. The technique has the advantage of simplicity compared with the
aforementioned transection techniques. As the RF assisted technique allows parenchymal spar-
ing during the first resection, this in turn results in more repeat liver resections being possible
forrecurrences. It also enables nonanatomical resections during these repeat resections.

D: Habib’s technique cannot be applied near the hilum or the cava vein for fear of dam-
aging this structures and because the blood flow of large vessels subtracts RF energy
and involves an incomplete coaugulative necrosis [92],[93] (up to now the technique has
been experienced only for segmental resection); the 1-cm-thick of burned coagulated layer
in the surface involves the loss of part of healthy parenchyma and a higher rate of post-
operative abdominal abscesses [91],[94]. Moreover one potential disadvantage of this
technique is the sacrifice of parenchymal tissue in the liver remnant, with a 1 cm wide
necrotic tissue at the transection margin, which may be critical in cirrhotic patients who
require major liver resection or in case of liver resection for living donor liver transplan-
tation. An evolution of the Habib probe is the Habib 4X [92]which adress the problem of
time consuming and the risk of skin burns from the grounding pad related to previous
device.The device was introduced perpendicularly into the liver, abutting the transection
line (Figure 5). The generator was programmed to produce an alert signal when energy
delivery had been automatically stopped, thus avoiding over coagulation and carbona-
tion. The probe was gently moved to and fro in its vertical axis for 3e5 mm throughout
the coagulation process to avoid adherence of the probe to the liver parenchyma. The
probe was then reintroduced adjacent to the last coagulated area in a serial fashion, until
the area to be transected was fully ablated. The number of applications required to cre-
ate a complete zone of desiccation was related to the size of the cut surface of the resec-
tion margin.

1. A second line of ablation, parallel to the first line and closer to the tumour edge, was then
done to ensure complete tissue coagulation and perfect haemostasis prior to transection

2. The Habib 4X was then applied perpendicularly to the previous two lines of ablation, so
as to ensure complete coagulation of any residual normal liver parenchyma. This allowed
a margin of coagulated liver parenchyma to remain; ensuring vessels and bile ducts
remained sealed. For deeper tumours the device was applied at an angle of 45 degrees to
the surface. This technique allow to achieve a very low rate of blood transfusion in a very
large series [88]

Gyrus plasmakinetic pulsed bipolar coagulation device: Gyrus /Gyrus medical inc., Maple
Groves, Mn, USA) is a bipolar cautery device which seals the hepatic parenchima using a
combination of pressure and energy that results in the fusion of collagen and elastin in the
walls of the hepatic vasculature and bile ducts [98]. The device can reliably seals vessels up to
7 mm in diameter minimizing the amount of blood loss during the transection of the liver.
Thermal spread and sticking to tissues is reduced by a cooling period after each pulse as the
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impedance of the coagulated tissue increased. This instrument has been previously widely
used in gynaecological procedures and it’s use in liver surgery is relatively new.

2cm safety margin

A [;..Ti.'-‘.

Resection line

Figure 5. Habib technique for liver resection

A: It could be used in a similar manner to the clamp-crush technique to transect hepatic
parenchyma. After incising the hepatic capsule with bovie the instrument is inserted into the
liver in an open manner and bipolar energy is applied as the forceps are slowly closed over
the parenchyma. The cauterized liver is subsequently transected with Metzenbaum scissors.
The device was used for the entire hepatic parenchymal transection; only named vascular and
biliary structures required additional attention and were stapled or suture ligated. The device
exhibits a minimal thermal spread of 2-3 mm and was frequently used for parenchymal
transection abutting the hepatic hilum. With the exception of large, named vascular and biliary
structures which were routinely stapled or ligated, excellent haemostasis and biliary duct
fusion were achieved uniformly.

In a recent series median blood loss rate compare favourably with those in several large series
using the traditional clamp-crush technique [99]. Moreover blood loss and transfusion rates
were comparable with those cited in recent report of alternative parenchymal transection, as
showed by results of Tan et Al [100]. In this study Gyrus compared favourably with Harmonic
scalpel in term of Bile leakage and the author underlined the concorrential cost of the device.
Moreover it seems to be useful even in case of cirrhotic patients. Corvera et al. [98] have also
reported the use of the Gyrus device in cirrhotic livers comparing it to the clamp and crush
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technique. They evaluated five patients in each group showing similar results between the two
groups in terms of operating time, blood loss and major post-operative complications.

D: as the ligasure vessel sealing device one of the limit of this device is the “blind” use without
clear identification of vascular and biliary structures before sealing

The Aquamantis System: The Aquamantys System employs Transcollation ® technology
(fig 6) to simultaneously deliver RF (radiofrequency) energy and saline for haemostatic
sealing and coagulation of soft tissue and bone at the surgical site. Transcollation technol-
ogy is used in a wide variety of surgical procedures, including orthopaedic joint replace-
ment, spinal surgery, orthopaedic trauma and surgical oncology.Transcollation technology
simultaneously integrates RF (radiofrequency) energy and saline to deliver controlled
thermal energy to the tissue. This allows the tissue temperature to stay at or below 100°C,
the boiling point of water. Unlike conventional electrosurgical devices which operate at
high temperatures, Transcollation technology does not result in smoke or char formation
when put in contact with tissue. Blood vessels contain Type I and Type III collagen with-
in their walls. Heating these collagen fibers causes radial compression, resulting in a de-
crease in vessel lumen diameter. Using the Aquamantys generator with patented bipolar
and monopolar sealers, surgeons can achieve broad tissue-surface haemostasis by apply-
ing Transcollation technology in a painting motion, or it can be used to spot-treat bleed-
ing vessels. This is capable of sealing structures 3-6 mm in diameter without producing
high temperature or excessive charring and eschar. Structures more than 6 mm in diame-
ter should be divided in conventional manner with clips or ties. Constant suction is re-
quired to clear the saline used for irrigation.

!
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Figure 6. Aquamantys transcollation technology performing liver resection
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A:it’s use is “friendlier” to most surgeons, easy to learn most surgeons are comfortable after
5-6 procedures. It seals blood and bile ducts up to 6 mm in diameter, is able to reduce blood
loss and the recourse to vessel occlusion techniques. Moreover it offers good results also in
cirrhotic livers [66] and destroys eventual additional cancer cells at the margin of resection.

D: it is expensive and pace of liver transection could be low. Moreover there is a lack of data
reported in literature due to the relative novelty of this device.

Coolinside: The new Coolinside® device (Apeiron Medical, Valencia, Spain) is a hand-held
device which simultaneously coagulates (using RF) and cuts (by means of a cold scalpel) the
liver. This device and its manipulation is built for both laparotomic and laparoscopic proce-
dures.Coagulation is performed by a blunttip metallic electrode positioned at the distal edge,
which is electrically connected to a Cosman CC-1 coagulator system (Radionics, Burlington,
MA, USA) operating at a maximum power of 90W. The liver tissue is cut using a thin blade at
the distal edge. Inside it the active electrode has a closed hydraulic circuit containing saline
solution at a temperature of 0 °C, which is propelled to the distal edge by a Radionics contin-
uous perfusion pump (Burlington, MA, USA) at a speed of approximately 130 mL/min. The
cold liquid keeps the surface of the tissue below 100 °C by refrigerating the active electrode.
The feedback system for the warm saline solution means that it can never come into contact
with the patient (as in the case of the Tissuelink® device).

A: The key to the performance of the device is in the fact that the depth of hepatic parenchymal
transection is adapted to the coagulation effect achieved by the proximal edge of the active
electrode, that part which first comes into contact with the tissue. In this way, every time the
surgeon moves the device over the surface of the liver, the parenchyma is cut and coagulated
simultaneously [132]. In this study 11 hepatic resection were performed entirely with coolin-
side without the need for ligature or clips or pringle manouver, with no bile leak complication
and high transection speed. This device combines coagulation and transection capacity and it
does not need to be combined with other devices (not even stitches or clips). Moreover, it is
not necessary to perform vascular occlusion, parenchymal coagulation is homogeneous and,
lastly, there is the possibility of using it in laparoscopic surgery.

D:As with other RF devices, tissue pre-coagulation can change structures so that it can be
difficult to identify the main hepatic vessels or conduits. Moreover, the amount of hepatic
tissue that is sacrificed may be greater than in the case of other techniques, given that with this
device the coagulated area may be up to 5 mm, which might limit but not contraindicate this
technique in cirrhotic patients. Moreover this could be considered a disadvantages in case of
liver resection during living donor liver transplantation

3.3. Others source of energy

Water Jet Scalpel, WJS: The WJS was introduced in 1982 by Papachristou [79]. This tools could
achieve, as well as CUSA, a selective dissection.

The dissection modalities which take advantage of the anatomic conditions are called selective.
The water-jet effects hereby like an intelligent knife and separates the more resistant duct- and
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vessel structures automatically from the parenchyma which thus become visible. When visible
they can be closed easily under controlled conditions.

The device consists of a pressure generating pump and a flexible hose connected to the
hand piece. The liquid (saline solution) flows at a steady stream and is projected through
the nozzle at the tip of the hand piece. The jet hits the liver at the desired line of trans-
ection and washes away the parenchyma, leaving the intra-hepatic ducts and vessel un-
damaged; then the vascular and bile structures can be legated and the transection plane
coagulated. The tip is reinforced by a suction tube which removes excess fluid; besides
splashing is avoided by covering the area of dissection with a transparent sheet or a Pet-
ri dish. Compared to the CUSA, the water jet leaves a smoother cut surface and little
hepatic degeneration or necrosis at the borders.

A: WJS can dissect offering excellent visualization and is effective also in the cirrhotic liver. In
the only available prospective randomized trial of water jet in the literature, in which 31
patients underwent liver resection using water jet and another 30 patients underwent liver
resection using CUSA, water jet transection reduced blood loss, blood transfusion, and
transection time compared with CUSA [80]. water jet techniques is quite good for dissecting
out major hepatic veins when tumors are in proximity. This allows for delineation of hepatic
veins, particularly at the junction with the inferior vena cava, and prevents positive margin.
It allow the so called selective dissection technique.

D: WJS can’t coagulate or realize haemostasis and some study demonstrate that it cannot
achieve a reduction of intra-operative blood loss and operating time if compared with
traditional techniques [81],[82]; using this technique is possible cancerous seeding of the
healthy abdominal organs and infection of the operators by hepatic viruses. Moreover in
literature some cases of gas embolism are described using this device [83]. Furthermore the
instrument may be more effective than the CUSA with respect to operating in the presence of
cirrhosis. Papachristou and Barters [79] initially reported that the water jet was likely to be
ineffective when there is increased fibrotic tissue. Later papers, however, describe successful
resections with cirrhosis by using higher jet pressures. Une et al. [80] report that one does not
need to use higher water jet pressures to dissect cirrhotic tissue effectively; instead, the same
pressures as for normal parenchyma just need to be applied longer. The major concern of
surgeons using the water jet is the associated splash. The latter effect is caused by solution
bouncing off tissues. Besides the obvious infectious concerns of the possibility of contaminat-
ing operating room personnel, the splash brings up the notion of the possibility of cancerous
seeding. This possibility must be considered in operations for malignancy and one needs to
take additional care not to expose the gross tumor during the dissection.

Staplers (fig 7): Since the nineties vascular staplers to divide hepatic veins and portal
branches during hemihepatectomy are considered an achievement that aids in minimiz-
ing blood loss and thereby reduces the need for inflow occlusion. Further, staplers seem
to be advantageous in the unroofing of hepatic cysts since any inadvertently injured bile
duct or blood vessel is sealed [84].
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Staplers can be used in liver surgery for control of inflow and outflow vessels, or to di-
vide liver parenchyma [84],[85]. The stapler is rarely used as the principal instrument in
hepatic resection. The device can add speed to the operation in open or laparoscopic sur-
gery. Its primary use is for achieving control of hepatic vasculature, particularly the hep-
atic veins.The use of vascular staplers to divide hepatic veins and portal branches is
considered an achievement that has aided in minimizing blood loss and thereby reduced
the need for inflow occlusion. Recent publications reporting a number of techniques us-
ing stapling devices in liver surgery showed them to be extraordinarily useful in the safe
ligation of inflow and outflow vessels.

Figure 7. Parenchima transection performed using a Stapler

Biliary radicals can be incorporated efficiently into the staple line. Division of the hepatic veins
with a stapler as opposed to direct ligation proffers several advantages. First, it eliminates the
risk of dissecting the hepatic veins and minimize the risk of slipped ligature. Furthermore the
stapler simultaneously divides multiple venous branches, especially on the right side, that are
too short to allow for a safe and rapid more traditional ligation.

A: It is particularly useful in dividing the major trunk of hepatic veins or the middle hepatic
vein deep in the transaction. Vascular staplers also can be used to divide the hepatic duct
pedicle in right or left hepatectomy [7]. The procedure starts by dividing the liver capsule by
diathermy the use of a stapler for transection of the liver parenchyma following by fracturing
the liver tissue with a vascular clamp in a stepwise manner and subsequently divided with an
EndoGIA vascular stapler. In a large series of 300 stapler hepatectomies, including 193 major
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hepatectomies, mortality of 4% and morbidity of 33% were reported which is comparable with
conventional liver resection techniques. Vascular control was necessary in only 10% of the
series, with an overall median blood loss of 700 mL [86]. The rate of biliary leakage seems to
be very low, with a 8% reported in the largest series [86]. Moreover the trasection speed is the
highest among all the techniques employed. Most recently, an ultrasound-directed transpar-
enchymal application of vascular staplers to selectively divide major intrahepatic blood vessels
before the parenchymal phase of liver resection has been shown to minimize blood loss, warm
ischemia time, and operative time [131!

More to the point, in cases of difficult parenchymal transection with ongoing bleeding, the
stapler device offers faster specimen removal giving the surgeon the opportunity to control
the loss of blood from the raw liver surface

D:Although the technique appears attractive, the financial cost is a serious drawback. One
problem associated with the use of a stapler for liver transection is increased risk of bile leak,
since the stapler is not very effective in sealing small bile ducts [87]. Otherwise other studies
reporta very low rate of biliary injury and leakage. Moreover the surgeon must also be selective
in the use of a stapler for the treatment of tumors particularly near the hilum in order to obtain
sufficient margin. In case of stapler malfunction the surgeon should be ready with a back up
technique to achieve vein control in case of sudden hemorrage. Serious blood loss can
theoretically occur when the stapler has sealed only half the diameter of the vessel or after
misfire of the device.

Chang’s needle technique: This technique presented by Chang in 2001 [95] is based on the
utilization of a special instrument equipped with a 18 cm straight inner needle with an hook
near its top; Chang needle can be applied repeatedly to make overlapping interlocking
mattress sutures with N° 1 silks along the inner side of the division line. After this phase liver
parenchyma can be divided directly by scissors, electrocautery or traditional resection
methods applying new suture only for tubular structures of significant size.

A: Chang’s needle technique can be performed without application of any vessel occlusion
techniques, without any other haemostatic technique and reducing blood transfusions; this
method seems to be capable to reduce both intra-operative blood loss and resection time;
besides it’s surely cheap and is reported to be simple too [96].

D: It can’t be applied if the lesion is too close to inferior cava vein [97]

3.4. Combined techniques

In the last decades a combined use of the devices previously analyzed has been reported in
literature to increase the efficacy of each device, based on consideration that we have 2 different
kind of instruments (as shown in table 3): those that allow a preparation of vascular structures
achieving a selective dissection and those that allow a non-selective dissection (with a blind
coagulation of the vasculature and biliary structures). Efficient and safe liver parenchymal
transection is dependent on the ability to simultaneously address 2 tasks: parenchymal
division and hemostasis. Because no single instrument has been developed that is adequate
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for both of these tasks, most hepatic parenchymal transections are performed using a combi-
nation of instruments and techniques.

Aloia e coll developed a 2-surgeons technique which combine saline-linked cautery and
ultrasonic dissection [133]. This techniques allowed a reduction in the operative time when
compared to ultrasonic dissection alone. Moreover blood loss and lenght of operation seems
to be reduced.

Reference Patients Technique Blood loss/ Operative  Transection
transfused patients time, min  speed, cm?/s

Takayama et al. [8] 132 Clamp-crush technique 452%/NA 540 1.0
(66 vs. 66) Cavitron ultrasonic surgical aspirator 515%NA 61° 1.1
Rau et al. [9] 61 Hydrojet dissector NA/15 28b NA
Cavitron ultrasonic surgical aspirator NA/2.5 46"
Koo etal. [22] 50 Clamp-crush technique 7923NA 119 NA
(25vs. 25) Cavitron ultrasonic surgical aspirator 875%NA 139
Lesurtel et al. [16] 100 Clamp-crush technique 1.5°NA NA 3.9
(4 groups, Cavitron ultrasonic surgical aspirator 45/ NA 2.3
25 each) Hydrojet dissector 3.59NA 2.4
Radiofrequency dissecting sealer 3.49NA 2.5
Arita et al. [21] 80 Clamp-crush technique 733%0 80 0.89
(40 vs. 40) Radiofrequency dissecting sealer 665%/2 79 0.99
Smyrniotis et al. [20] 82 Clamp-crush technique 460%15 211 NA
(41 vs. 41) Sharp transection 500%/13 205
Lupo et al. [23] 50 Clamp-crush technique NA/S 292 NA
(26 vs. 24) Radiofrequency dissecting sealer NA/13 278

Only randomized trials are reported. NA = Not available in the study.

# Blood loss is expressed in ml.

b Value refers only to transection time.

¢ Blood loss is expressed in ml/cm?. The number of patients transfused is expressed as a mean only in the trial by Rau et al. [9].

2 Blood loss is expressed in ml.
b Value refers only to transection time.

¢Blood lossis expressed in ml/cm?. The number of patients transfused is expressed as a mean only in the trial Rau et al. [9].

Table 3. Only randomized trials are reported. NA= Not available in the study.

In January 2004, Sakamoto et al retrospectively compared their experience with 16 liver
resections in which SLC was used in combination with a bipolar vessel-sealing device and a
matched set of 16 patients undergoing liver resections in which a crush-clamp technique was
used.[134] They found that fewer patients in the SLC group required inflow occlusion and that
blood loss was reduced. Differences in total operative time were not reported, but liver
transection time was prolonged in the SLC group. Aldrighetti et al. [135] published a relatively
larger series comparing clamp-crushing with ultrasonic plus harmonic scalpel dissection. The
latter resulted in longer operative time, but with a reduced blood loss (and consequently a
lower transfusion rate) and with a lower rate of biliary fistula. However, the retrospective
method of the study, and the relatively long period of inclusion may have biased these results
against the clamp-crush technique. Lesurtel and Tanai combined ultrasonic dissection with
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bipolar coagulation [136-137]. They concluded that UD associated with efficient bipolar forceps
cautery is probably one of the safest and the most efficient device for liver transection, even if
its superiority over the clamp crushing technique has not been well established. In a recent
paper Yokoo et coll [139] combined the use of ultrasonically activated scalpel with a saline
linked radiofrequency dissecting sealer versus bipolar cautery with a saline-irrigation system
and ultrasonically activated. Scalpel. The first technique resulted in shorter operative time and
lower postoperative complication rate. Moreover Gruttadauria and coll developed a combi-
nation of utrasonic surgical aspirator in association with a monopolar floating ball in elderly
patients. This new technique reduced length of stay, procedure length, and use of perioperative
blood in a cohort of patients [140]. Nagano and coll evaluated the efficacy of combination of
CUSA plus argon beam colagulator in comparison with CUSA plus bipolar coagulation, and
showed that the first approach allowed to a shorter transection time and lower blood loss [141]

Haemostasis techniques: Coagulation of vessels over ] mm of diameter can be achieved
positioning clips or sutures before division, or using devices like LigaSure, TMFB or HS for
their target vessels or staplers for the largest veins. Clips and sutures are used especially during
transection through traditional techniques.

During and after liver’s transaction haemostasis of the vascular structures under 1 mm of
diameter is another important concern of the surgeon: first because the continuous bleeding
from the little vessels in the parenchyma represents a considerable part of intra-operative blood
loss, and second because it makes hard for the surgeon the visualization of the surgical field.
The stop of tearing small vessels that causes oozing from the cut surface can be achieved with
normal monopolar or bipolar electrocoagulator, better if equipped with saline irrigation that
makes them less traumatic and avoids formation of sticky coagulum An alternative is repre-
sented by employment of Argon Beam Coagulator or TMFB that probably is the best device
for stopping tearing of small vessels on the cut surface of the liver.

After the resection other two precautions can be taken: application of mattress sutures for
providing to a mechanical compression of the bare surface and application of biological glue
for realizing complete haemostasis through a chemical/biological action.

Choice of surgical strategy: The choice of surgical strategy is based on the pre-operative
evaluation and on the now indispensable Intra-Operative Ultrasonography (IOUS); in fact
several studies have demonstrated that the IOUS is capable to change surgical strategy in over
40% of cases finding new lesions or diagnosing as inoperable lesions those were thought
operable at the previous evaluation [101-104].The kind of surgical strategy chosen for the
intervention on the base of affects strongly influences the operative outcome and the amount
of operative blood loss. The most considerable aspect is the amplitude of the resection: a large
resection like a right hemi-hepatectomy (or another typical resection) involves a higher
bleeding and risk of complications. From this point of view the choice of segmental or wedge
limited resections, when they are possible in respect of radical oncology standards, has to be
consedered the best option [105,106]. Usual surgical margins for removal of liver tumours are
1 cm of healthy parenchyma surrounding the lesion. Kokudo et al. in 2002 demonstrated that
for colorectal metastases the surgical margin can be, in particular situations, lowered to 2 mm
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with increase of the pathology recurrence rate from O% for 5 mm margin to 6% for 2 mm
margin [107].

This finding, combined with a contrast-enhanced IOUS during the resection, could be a
rationale incentive for practising limited resections [108-110], and the possibility of an accurate
investigation of the remnant liver through the IOUS

Drug administration for reducing intra-operative blood loss: Liver resection may cause a
variable degree of hyperfibrinolytic states; this phenomenon occurs in the days immediately
after hepatectomy and is more pronounced in patients with a diseased liver or in patients who
have undergone to a wider hepatectomy extent [111-116]So some authors propose the
utilization of drugs with antifibrinolytic effect like Aprotinin that is reported to be capable to
reduce intra-operative blood loss (especially during liver resection time) and transfusions
[117-119]. Other authors propose utilization of the cheaper Tranexamic acid reporting similar
results [120]. Although a theoretical risk of thromboembolic complications is present, no
adverse drug effects like deep venous thrombosis, pulmonary embolism or other circulatory
disturbances were detected in both these studies.

3.5. Comparison of different liver transection techniques

The choice of transection techniques is currently a matter of preference of surgeons, as there
are few data from prospective randomized trials that compared different techniques. It has
been shown in small prospective randomized trials that clamp crushing or water jet may be
preferable to CUSA in terms of quality of transection or speed of transection [1],[122]. Moreover
Water-jet dissection.

Seems to be considerably faster than CUSA® or blunt dissection and Pringle-time and blood
loss can be reduced by using this device [83]. However, the results of these trials remain to be
validated by larger-scale trials. CUSA dissection is still a widely used technique worldwide.

Several studies have been addressed to clarify these critical points, underlining the advantages
and the drawbacks of each device. One of the first randomized studies [52] comparing the
ultrasonic dissector versus the clamp-crush technique showed that the ultrasonic dissector is
more frequently associated with tumor exposure at the resection margin and with incomplete
appearance of landmark hepatic veins on the cut surface. The authors did not find any
difference in postoperative morbidity and blood loss, concluding that clamp-crushing
technique resulted in a higher quality of hepatectomy, thus being the option of choice.

Aldrighetti et al. [135] published a relatively larger series comparing clamp-crushing with
ultrasonic plus harmonic scalpel dissection. The latter resulted in longer operative time, but
with a reduced blood loss (and consequently a lower transfusion rate) and with a lower rate
of biliary fistula. However, the retrospective method of the study, and the relatively long
period of inclusion may have biased these results against the clamp-crush technique.The study
performed by Takayama and colleagues found no difference in transection speed between the
crush/clamp technique and ultrasonic dissection. This same study also demonstrated that the
crush/clamp technique resulted in increased precision and improved quality of hepatectomy
according to a grading system considering such factors as positive surgical margins, appear-
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ance of landmark hepatic veins on the cut hepatic surface, and postoperative morbidity. Koo
and colleagues also demonstrated that no difference existed with blood loss, transfusion
requirements, speed of resection, or total operative time between crush/clamp and the
ultrasonic dissector

A randomized study [73] comparing LigaSure with the conventional method, demonstrated
no statistical difference (p = 0.185) in blood loss and mortality rate between the two groups.
But, LigaSure was slightly superior in terms of transection speed, number of ties per cm 2 and
hemostasis time. The resulting total operating time decreased by 27 min, and hospital stay was
shortened by 2 days in the LigaSure group. The authors performed also a cost analysis which
found a highly cost-effective ratio in favor of LigaSure due to shorter operative time, hospital
stay and low capital cost of the disposable device. They considered 3 mm as the range of
maximal effectiveness in sealing portal triads (without increasing the rate of biliary fistula). A
more recent randomized study [74] did not demonstrate this difference in blood loss, operating
time and hospital stay, failing to find a superiority of one technique over the other. In this
particular situation, the cost-effectiveness of LigaSure in the clamp-crush method was not
confirmed, favoring once again the latter. Radiofrequency-assisted hepatic transection has also
been studied in a randomized, controlled fashion. The results of this study indicated that
postoperative morbidity, including abscesses and biliary complications, was significantly
higher with the use of radiofrequency-assisted resection compared to crush/clamp.

As recently described in non-randomized settings [85]-[86], liver transection could be also
performed with the stapling technique. As reported, the technique appears to be safe and
quicker. Commonly, staplers are considered to be expensive tools, but they increase only the
total material cost. However, owing to decreased blood loss, transfusion rate, shorter operative
time and in-hospital stay, the global cost for a hepatectomy (especially for the major ones) has
considerably decreased especially in high-volume centers. It should also be noticed that the
stapling technique [142] can reduce the time of vascular control (i.e. Pringle). This fact turns
out to be relevant when the resection is conducted in injured parenchyma due to prolonged
chemotherapy (hepatic steatosis, sinusoidal obstruction syndrome, steatohepatitis, etc.).
Cataldo et al [143] comparing stapler, crush/clamp and dissecting sealer demostrate that liver
trasnection with stapler was quicker, but mean blood loss and oncological margin were similar
for the three techniques. A recent study of clearly demonstrate that there is no benefit of any
alternative method that has so far been compared with the clamp-crushing technique within
a RCT regarding morbidity, mortality, and transfusion rates. Moreover, available RCTs failed
to show an advantage of these novel devices to reduce blood loss, parenchymal injury,
operation time, and hospital stay.Recently, a randomized trial compared four methods of liver
transection, namely clamp crushing, CUSA, Hydrojet, and dissecting sealer, with 25 patients
in each group [121]. In that study, clamp crushing was associated with the fastest transection
speed, lowest blood loss, and lowest blood transfusion requirement. Furthermore, clamp
crushing was the most cost-effective technique. However, in that study, clamp crushing was
performed with the Pringle maneuver, whereas the other techniques were performed without
the Pringle maneuver. This might have resulted in bias in favor of clamp crushing. An other
recent comparative study between clamp crushing technique (CRUSH), ultrasonic dissection
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(CUSA) or bipolar device (LigaSure), failed to show any difference between the three techni-
ques in terms of intraoperative blood loss, blood transfusion, postoperative complications and
mortality [72]. Further prospective randomized studies are needed to determine which
transection technique is the best. Moreover a recent review of the Cochrane conclude that
Clamp-crush technique is advocated as the method of choice in liver parenchymal transection
because it avoids special equipment, whereas the newer methods do not seem to offer any
benefit in decreasing the morbidity or transfusion requirement. Otherwise in the comparison
of different techniques, apart from the efficacy in transaction with low blood loss, the relative
speed of transection and the potential complications are other parameters to be considered.
[122] Furthermore, the use of special instruments for transection is costly, especially when two
instruments are used in combination for transection and hemostasis. It is difficult to compare
the relative cost of different transection instruments because some are reusable whereas others
are designed for single use, and the cost of the same instrument varies substantially in different
countries. The clamp—crush and sharp dissection techniques do not involve any additional
instruments. A cost comparison between the clamp—crush technique and other techniques
revealed that clamp—crush is two to six times cheaper than other methods, depending on the
number of surgeries performed each year. Nonetheless, the cost of these various techniques
should play a part in the surgeon’s decision as to whether to use them or not.

Besides reduction of blood loss and perioperative complications, radical resection with tumor-
free marginsis a major goal in surgery for malignant hepaticlesions. Disease-positive resection
margins are a strong prognostic factor for local tumor recurrence and overall survival.
Unfortunately, pathohistological data on resection margins were only available for two
trials.Takayama et al. demonstrated comparable resection margins in their comparison of the
clamp-crushing to the ultrasonic dissector technique.[52] However, Smyrniotis et al. reported
far greater length of the narrowest tumor-free margin in their sharp transection group. [144]
The question of whether any alternative transection technique provides a benefit in longterm
survival of cancer patients needs further evaluation within clinical trials.

4. The role of the anaesthesiologist

Patients those are subjected to liver surgery are usually pre and intra-operatorially treated with
infusion of liquids, plasma expanders and blood products: normally hepatic resections are in
fact conduced in condition of euvolaemia or hypervolaemia to protect patients from the risk
of consistent haemorrhage and haemodynamic’s instability.

Despite this idea several studies have demonstrated that a condition of Low Central Venous
Pressure (LCVP) can reduce bleeding, recourse to vessel occlusion techniques and transfusions
during resection [111,112,113]. It has been scientifically demonstrated that intra-operative
blood loss is correlated with inferior retro-hepatic vena cava pressure [114].

Mendelez obtained very low blood loss results in major hepatic resections managed keeping
theCVP under 5 mmHg: this is possible with abstention from practising any infusion but intra-
operative liquid infusion at the low speed of 75 ml/h and without any drug administration but
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employing hypotensive effects of normal anaesthetics (like Isoflurane, morphine and Fenta-
lyn). It's obvious that LCVP technique needs a strict monitoring of several parameters: in
particular systolic arterial pressure has constantly to be kept over 90 mmHg and diuresis over
25 ml/h. After the specimen is removed and after the realization of complete haemostasis starts
the infusion of liquids, and if necessary of plasma expanders and blood products until
euvolaemia is obtained and haemoglobin value is over 8-10 g/dl [115].

LCVP has to be abandoned in case of uncontrollable haemorrhage (over 25% of total blood
volume) or application of total vascular exclusion technique. Mendelez using LCVP reports a
0,4% rate of gas embolism [116]. This illustrates the importance of collaboration between
surgeons and anaesthetists for a successful hepatectomy.

5. Conclusions

Improvement in the techniques of liver transection is one of the most important factors for
improved safety of hepatectomy in recent years. The use of intraoperative ultrasound aids
delineation of the proper transection plane and allow to transect tumor close to main vessels
without bleeding. Clamp crushing and ultrasonic dissection are currently the two most
popular techniques of liver transection. The role of new instruments such as ultrasonic shear
and RFA devices in liver transection remains unclear, with few data available in the literature.

The role of vascular exclusion including Pringle’s manouver seems to be decreasing with
improved transection technique. However, it remains a useful technique in reducing bleeding
from inflow vessels, especially for surgeons with less experience in liver resection, and recent
results show safety of this technique even for prolonged total time of ischemia. Maintenance
of low central venous pressure remains an important adjunctive measure to reduce blood loss
in liver transection.

As clear data for comparison of various liver transection techniques are lacking, currently the
choice of technique is often based on the individual surgeon’s preference. However, certain
general recommendations can be made based on existing data and the author’s experience.
Clamp crushing is a lowcost technique but it requires substantial experience to be used
effectively for liver transection, especially in the cirrhotic liver. CUSA can be used in both
cirrhotic and non-cirrhotic liver, is associated with low blood loss and it has a well established
safety record, with low risk of bile leak. It is particularly useful in major hepatic resections
when dissection of the major branches of the hepatic veins is required, or in cases where the
tumor is in close proximity to a major hepatic vein, as it allows clear dissection of the hepatic
vein from the tumor. This could be the preferred

5.1. Technique in oncological resection

5.1.1. The main disadvantage of the CUSA technique is slow transection

Newer instruments such as the Harmonic Scalpel, Ligasure and TissueLink Dissector enhance
the capability of hemostasis and allow faster transection. However, they lack the preciseness
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of CUSA in dissection of major hepatic veins, and, HS more than others may be associated
with increased risk of bile leak. Moreover they are particularly useful in laparoscopic liver
resection. They can also be used in combination with CUSA for sealing of vessels, but this
increases the cost substantially. RFA-assisted transection is probably the most speedy liver
transaction technique. However, the risk of thermal injury to major bile duct is a serious
concern and its use is probably restricted to minor resection Gyrus and Aquamantis are
relatively new instrument and literature do not allow to draw any conclusion about their
efficacy and safety.

The experience of the surgeon in practising hepatic surgery, whatever is the method to perform
it, is still a factor of primary importance. In spite of that, the advent of new diagnostic instru-
ments, new devices for resection and coagulation, a better knowledge of the liver’s anatomy
and pathology and a closer collaboration with the anaesthetist make the hepatic surgery a kind
of surgery more defined and rational. From this point of view new studies based on the use
of different surgical strategies, association of different devices and employment of different
diagnostic and anaesthetic techniques is desirable.

5.2. Summary of advantages and disadvantages of the parenchymal-division instruments
(table 4)

Table.4lists the primary advantages and disadvantages of five instruments used for paren-
chymal division during liver resection. The CUSA has the principal advantage of precise
identification of both vascular and biliary vessels so that they may be controlled by ligature or
other methods. In addition, the CUSA provides some haptic feedback to the surgeon so that
dissection planes may remain clear. The principal disadvantages of the CUSA are threefold:
(1) While the instrument permits removal of a large margin around tumors, the proof of
adequate margins ends up in the suction container; (2) due to its mechanism of action, the
CUSA is not very good for dissection through the fibrotic tissues found in cirrhotic livers; (3)
without considerable education of the operating room personnel, the complexity of the
mechanism may be cause for delays or malfunctions during procedures. The water jet affords
many of the same advantages as the CUSA. Additionally, it produces minimal marginal
necrosis, making it an ideal instrument in certain scenarios. The most important concern with
this instrument, however, is the splash, for reasons described above. The harmonic scalpel’s
primary advantage is its ability to simultaneously cut and coagulate. The associated coagulum,
however, may cause delayed complications. Originally devised for laparoscopic use, the
harmonic scalpel’s design is not particularly advantageous for open cases. Used as an adjunc-
tive instrument, the stapler provides the possibility for speedier dissections. On the other hand,
the stapler is a relatively imprecise instrument that also has the potential to malfunction during
procedures. The floating ball is a surgeon-friendly instrument, particularly for the novice liver
resectionist. Its mode of action may be particularly helpful in cirrhosis. The instrument acts by
“controlled” burning and therefore is, by nature, an imprecise instrument; plus, there are
concerns both for delayed complications related to the coagulum and for steam popping.
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5.3. Ranking the clinical usefulness of the five instruments (table 5)

Table 2 subjectively ranks the five instruments according to perceived usefulness in various
clinical scenarios. For resection of malignancies, we rank the CUSA number one because of its
ability to stay within tissue planes during resections while preserving vessels for ligature. The
water jet was second due to concerns about the splash. Third on the list is the floating ball
because of its user friendliness. The harmonic scalpel lands fourth on our list because we expect
laparoscopicliver resections to increase. We find the water jet to be the most useful instrument
for living-donor resections because of the minimal necrotic margin. After the water jet, we
advocate the more traditional, fine instrument (e.g., mosquito clamp) dissections. We rank the
CUSA third because with experience, the surgeon may minimize the disadvantage of tissue
removal.

Instrument Advantages Disadvantages
CUSA permits identification pathologic confusion, use difficult in cirrhosis
of vessels; mechanically complicated
tactile feedback do not coagulate, need a combined technique
Water Jet selective dissection splash; possible electolyte imbalances

minimal marginal necrosis

Harmonic scalpel cut and coagulate simultancosly  coagulum
precoagulation technique; blind dissection

Ligasure cut and coagulate simultaneosly  coagulum
precoagulation technique; blind dissection

Gyrus ut and coagulate simultaneosly ~ coagulum
precoagulation technique; blind dissection

TissueLink friendliness to novices imprecision, steam popping
precoagulation technique

Aquamantys Friendliness precoagulation technique
Stapler speed imprecision, malfunction
Habib technique coagulate large vessels speed

Table 4. Advantages and disadvantages of most common devices

The harmonic scalpel tops the instruments for laparoscopic surgery, primarily because
the scalpel is designed for laparoscopic surgery. Another reason the scalpel is particular-
ly useful here is that the principal tumors being removed now via the laparoscope are
small benign ones.

Therefore, the imprecision of this instrument is not so much of a disadvantage. The CU-
SA comes in second primarily because its suction competes with insufflation. Staplers are
number three because of their ability to gain quick control over vessels during laparo-
scopic dissections. Finally, because laparoscopic hepatic surgery is rapidly evolving, we
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believe there will soon be new uses for old instruments or development of new instru-
ments that will be particularly useful for this approach. For cirrhotic livers, we rank the
floating ball number one due to its effective burning of fibrotic tissue. The harmonic scal-
pel may also be effective. Because of their relative precision, we rank the water jet and
CUSA lower than the other two. Staplers do also have a role here.

Scenario Instrument ranking
resection of malignancies Cusa

Water Jet

Habib

Tissuelink

HS and Ligasure

Living donor resections Tissuelink and Aquamantis
Water jet
CUSA

HS and Ligasure and Gyrus
Habib

Laparoscopic procedures HS and Ligasure
CUSA

Stapler

Cirrhosis Tissuelink and Aquamantis
Habib
HS and Gyrus
Water Jet
CUSA

Table 5. Instrument ranking in various clinical scenarios based on perceived usefulness
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