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Chapter 9
Adjuncts to Liver Resection

Ragini Kilambi and Senthil Kumar

9.1 Introduction

Liver resection is based on a sound understanding of segmental anatomy which
essentially defines the relationship between elements of the vasculobiliary tree and
its associated parenchyma, made largely of organized cords of hepatocytes. Carl
Langenbuch is credited with performing the first elective liver resection in 1888.
The initial approaches focussed on directly splitting the parenchyma by mechanical
means (finger ‘fracture’ or ‘Kelly-clysis’) with bleeding controlled by sutures as it
arose. Pringle, in 1908, reported temporary occlusion of vascular inflow at the porta
as a means of reducing blood loss while transecting the liver.

During the early days of liver surgery, perioperative mortality from major liver
resections, which was performed only in selected specialized centres, was in the
range of 50%. In modern surgical practice, this has been dramatically reduced to
less than 5%. Advances in anaesthesia, asepsis, transfusion medicine and periopera-
tive intensive care have all had a vital contribution in making resection safe and
more widely available. From the surgical point of view, three factors have changed
both surgeon performance and patient outcomes: (1) better patient risk profiling
leading to better patient selection and preoperative optimization; (2) refinement and
standardization of the techniques of vascular control, haemostasis and transection;
and (3) technological advances that have made a wide array of gadgets available that
assist, directly or indirectly, a quick and safe resection.

For the purpose of this review, technical adjuncts are those that are either special-
ized modifications of standard surgical steps or conditions under which surgery is
performed. Technological adjuncts cover those that use special gadgets or interven-
tions that make liver surgery safe, quick or precise (Table 9.1). However, the com-
bination of resection and ablative techniques, such as RFA, for bilobar lesions,
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Table 9.1 Adjuncts in « Technical adjuncts
liver resection

— Vascular control
Pringle

Outflow control

In situ perfusion

— Low central venous pressure (CVP)

— Associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS)

e Technological adjuncts

— Transection (energy sources)

Cavitron ultrasonic surgical aspirator (CUSA)
Waterjet

Harmonic scalpel

LigaSure
Radiofrequency ablation (RFA)
Microwave

Saline-linked radiofrequency sealing device (Aquamantys,
TissueLink)

Staplers

Diathermy—monopolar/bipolar
— Haemostasis

Systemic

Topical

* Miscellaneous

Preoperative imaging

Preoperative optimization
Portal vein embolization (PVE)

Biliary drainage

Intraoperative techniques

Intraoperative ultrasound-directed surgery

Indocyanine green (ICG)-assisted liver surgery

although could be construed as adjuncts is beyond the remit of this review. Similarly,
the advances in preoperative imaging and the various techniques of screening for
bile leak at the end of the transection are not discussed.

9.2 Technical Adjuncts

9.2.1 Vascular Control
9.2.1.1 Vascular Inflow Occlusion
Mass clamping the portal triad at the hepatoduodenal ligament which shuts both the

portal venous and hepatic arterial flow (vascular inflow occlusion) is a useful adjunct
in liver resection. This was first described by Hogarth Pringle from Glasgow in
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1908, who applied this, in the setting of liver trauma. The Pringle manoeuvre could
be applied in a continuous or intermittent fashion and in both normal and cirrhotic
livers. The technique involves encircling the hepatoduodenal ligament with a tape,
the free ends of which pass through a piece of rubber tubing which gently tightens
the loop snugly around the hepatic pedicle.

Although the maximum recorded ischaemic times for continuous and inter-
mittent Pringle in noncirrhotic livers are 90 min and 348 min, respectively, a
more conservative approach is used in actual practice [1, 2]. The maximum
reported cumulative ischaemic time after intermittent Pringle in a cirrhotic liver
is 204 min [3].

Intermittent Pringle, employed in consecutive cycles of occlusion and release,
is the most widely used technique. The most common practice is to use intermit-
tent clamping (ischaemia) for 15 min followed by a declamping (reperfusion)
interval of 5 min. There is, however, a wide variation in the period of ischaemia
(10-30 min) and the reperfusion (3—10 min) used in practice. Continuous Pringle
may be used for up to 90 min in healthy livers (noncirrhotic, nonsteatotic, nonin-
flammed, non-cholestatic) and up to 50 min in diseased livers (including cir-
rhotic) [4].

The consensus is that intermittent Pringle is better tolerated than continuous
Pringle, especially in diseased livers. Ischaemic preconditioning (IPM), in which a
short period of ischaemia (10 min) followed by reperfusion (10 min) is performed
before an intended longer period of ischaemia (<75 min of continuous Pringle),
protects the liver by attenuating the reperfusion injury [4, 5]. Cirrhotic livers and
steatotic livers benefit more from IPM.

9.2.1.2 Total Vascular Exclusion (TVE)

Tumours involving the confluence of hepatic veins or the cava are not usually resect-
able by conventional techniques, as this requires a complete asanguinous field and
often involves vascular reconstruction. TVE makes this feasible and involves a con-
trolled occlusion of inflow as well as the outflow. The inflow occlusion is as for a
standard Pringle. The outflow occlusion has two variants—(1) with caval occlusion
which involves clamping the supra and infrahepatic cava and (2) without caval
occlusion, which involves clamping the hepatic veins. Caval occlusion needs a
veno-venous bypass to preserve haemodynamic stability. The portal flow is also
diverted by a portosystemic venous bypass. The safe time up to which the liver tol-
erates ischaemia during TVE is about 60 min [4].

9.2.1.3 Total Vascular Exclusion + In Situ Cold Perfusion

The limitation of TVE alone is that hepatic warm ischaemia beyond 60 min expo-
nentially increases the risks of post hepatectomy liver failure (PHLF) and influ-
ences mortality. The cytoprotective effects of core visceral hypothermia when



208 R. Kilambi and S. Kumar

combined with TVE results in the extension of the safe time available by a few
hours, as cold ischaemia is better tolerated than warm ischaemia. In situ cold perfu-
sion is accomplished by cannulating the gastroduodenal artery for arterial perfusion
and the portal vein for portal perfusion. There also needs to be a caval vent as an
outlet to drain the effluent. Systemic and portal veno-venous bypass should be in
place.

9.2.1.4 TVE + Ante Situm Resection

Ante situm resection is a technique which disconnects the outflow while retaining
continuity of the inflow. After infrahepatic caval control, the suprahepatic cava is
cut below a clamp, and this allows the liver to be delivered close to the wound. The
inflow control, cold perfusion and veno-venous bypass are standard. The advantage
of this technique is that it provides the much needed mobility and access to the liver
while keeping the inflow structures in continuity. Elimination of the need to transect
and later anastomose the inflow structures reduces morbidity.

9.2.1.5 Ex Vivo Resection

This is an extension of the above techniques and involves an explant of the liver with
or without the cava. Cold perfusion with a preservation solution protects the liver
when the resection is being carried out on the bench. The liver is later autotrans-
planted applying the transplant techniques. Morbidity and mortality of ex vivo
resection are high, as often the remnant is small and involves vascular and biliary
reconstruction. There should be a backup plan of salvage liver transplantation when
contemplating ex vivo resection.

9.2.2 Low Central Venous Pressure (CVP)

Although the practice of maintaining a low CVP in liver surgery has not been
directly linked to a reduced morbidity, it is known that perioperative blood transfu-
sion is associated with adverse postoperative and oncological outcomes after liver
resection [6]. Maintaining a low central venous pressure (CVP) of under 5 mmHg,
during parenchymal transection, reduces blood loss and need for blood transfu-
sion. This is often done by a combination of strategies by the anaesthetist, includ-
ing fluid restriction, reverse Trendelenburg position, glyceryl trinitrate infusion
and diuresis (mannitol/frusemide). Caval clamping and hepatic inflow occlusion
are also surgical techniques that may occasionally be used to achieve a lower
CVP. The ideal method to lower CVP and the ideal range of pressure has not been
established.
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9.2.3 Associating Liver Partition and Portal vein ligation for
Staged hepatectomy (ALPPS)

The technique of associating liver partition and portal vein ligation for staged hepatec-
tomy, known as the ALPPS procedure, is a short interval, two-staged liver resection
which involves an open right portal vein ligation and in situ parenchymal transection
in the right trisectionectomy plane in the first stage [7]. The second stage performed
1-2 weeks later involves a right trisectionectomy. Compared to PVE, ALPPS pro-
duces an accelerated hypertrophy of the future liver remnant (FLR) in a much shorter
time span. The main downside of ALPPS is the high morbidity and mortality in most
reported series. Salvage ALPPS may have a place in patients who do not show an
adequate hypertrophy response to PVE. It is a relatively new technique whose place
in the surgical armamentarium will be defined with accumulating global experience.

9.3 Technological Adjuncts

9.3.1 Devices to Aid Transection

Several techniques and instruments have been developed in the past few decades to
aid liver transection in order to improve safety, reduce bleeding, save time and attain
good bilio- and haemostasis. The basic principle on which most of these instru-
ments work is by removing the liver parenchyma and leaving behind vessels and
ducts intact to be ligated separately or using energy to seal all the structures com-
pletely. The former is the preferred mechanism as it allows selective ligation of
vessels and ducts and reduces both bleeding and bile leaks. Also, as it is under
vision, it prevents inadvertent injury to the adjacent intraparenchymal structures.
Devices that seal directly (termed precoagulation) run the risk of bleeding or bile
leak in the event of incomplete coagulation as also lateral thermal damage. Often,
more than one energy source and technological adjuncts are used during transec-
tion. The list of the technological adjuncts used in hepatic resections is long and
ever growing. This itself is a testimony to the fact that no single instrument has been
able to fulfil all the requirements uniformly in all the situations. The commonly
used technological adjuncts have been summarized in Table 9.1.

Finger Fracture Though strictly not a technological adjunct, we discuss the finger
fracture technique here as it was amongst the first techniques proposed to improve
the safety of hepatic resections by reducing blood loss and bile leaks [8]. Introduced
by Lin in 1954, it consisted of crushing the liver parenchyma between the thumb
and finger of the operator. This left behind vessels and bile ducts which could be
safely ligated and divided. Though this was an improvement over the sharp transec-
tion, especially when combined with a Pringle manoeuvre, it was nevertheless still
associated with significant blood loss from small vessels which avulsed in the
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process and led to persistent bleeding. Also, this technique led to loss of paren-
chyma owing to the blunt and wide area of dissection. Hence, it did not gain wide-
spread acceptance. Further, with advancements in instruments available for liver
resection, this technique is rarely used today.

Kelly-Clysis Kelly-clysis or the clamp crush technique was also introduced by Lin
in 1974 as an improvement over his previously proposed technique of finger frac-
ture [9]. It has since then become a commonly practiced technique which does not
require any expensive gadgets. It consists of using a Kelly or artery forceps to crush
the parenchyma between the jaws of the instrument, which leaves the vessels and
biliary radicles intact for ligation and division under vision, thereby reducing the
blood loss and bile leak rates. Given the simplicity of the technique and the associ-
ated advantages of low cost, speed and safety, this technique has become the stan-
dard against which all other techniques are compared. The technique has stood the
test of time, and none of the randomized trials or meta-analysis performed till date
have been able to prove the superiority of other techniques or gadgets over this
technique [10, 11].

CUSA (Cavitron Ultrasonic Surgical Aspirator) (Fig. 9.1) This uses ultrasonic
energy to fragment the liver parenchyma, leaving behind vascular and biliary
structures. The transducer oscillates at a frequency of 23 kHz. A hollow conical tip
is attached to it which transmits this ultrasonic energy and fragments the paren-
chyma. The high water content of hepatocytes renders them susceptible to the
ultrasonic energy, whereas the vessels and ducts are spared owing to the high con-
tent of connective tissue which is poor in water and rich in intracellular bonds. The
continuous flow of water cools the tip, and the suction and aspiration technology
removes the fragmented parenchyma from the field providing a clear vision.
Further suction technology also helps in drawing the tissue towards the tip of the
probe, providing a coupling effect. The suction pressure, irrigation speed and the
amplitude can be changed to suit the requirements. The vascular and biliary ducts
can then be ligated and divided separately. Unipolar or bipolar diathermy is often

Fig. 9.1 (a) CUSA in liver resection. (b) CUSA machine



9 Adjuncts to Liver Resection 211

used for division of smaller structures, while the larger ones are either clipped or
suture ligated before division. It fragments the parenchyma within a distance of
1-2 mm. CUSA machines with integrated electrocoagulation function are also
available. CUSA probes that oscillate at different frequencies are available for
application in various tissues. Further, CUSA can also be used without the need for
vascular control. However, because of the need to separately ligate and divide even
small structures, transection using CUSA becomes time consuming. Moreover, in
cirrhotic livers, CUSA is not very useful as the fibrosis prevents easy parenchymal
transection. Also CUSA has been reported to be associated with greater risks of
venous air embolism, though there were no haemodynamic consequences [12].
Additionally, there is a learning curve associated with the device, which is rather
cumbersome to use.

Fan et al. reported their experience with CUSA and compared it with their own
historical controls and found a significantly lower rate of blood loss, transfusion
requirement, complications and mortality [13]. However, these results have not
been reproduced in randomized trials. Takayama et al. compared CUSA with the
clamp crush technique in a randomized trial and failed to show any significant
reduction in blood loss [14]. However, vascular occlusion was used in both arms
which could have been responsible for reduction in blood loss in the clamp crush
arm. Moreover, the standard transection technique of the group was clamp crush,
which could have resulted in superior results in the clamp crush arm. Nevertheless,
a UK national survey revealed that CUSA was used by over half the liver surgeons
to aid transection [15]. It is one of the most popular techniques to help transection,
possibly because of its ability to clearly see structures before division and avoidance
of vascular occlusion.

Waterjet (Fig. 9.2) This works on a principle similar to CUSA, but instead of ultra-
sonic waves, it uses the kinetic energy of a pressurized jet of water to fragment the
soft liver parenchyma. Rau et al. reported in their experimental studies that a pres-
sure of 30—40 bar through a nozzle of 0.1 mm is adequate for fragmentation of
normal parenchyma. They also found that cirrhotic livers required a pressure of 10
bars more than normal livers [16]. Similar to CUSA, the vascular and biliary struc-
tures need to be ligated separately. This too has an irrigation and suction technology

Fig. 9.2 (a) Waterjet in liver resection. (b) Waterjet dissection machine and applicators
(Reproduced with permission from in.erbe-med.com)
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integrated into the device to provide a clear field. The pressure of the water can be
adjusted according to the nature of the liver. Cirrhotic livers are fibrotic and require
a higher pressure for parenchymal disruption. However, this also places these livers
at a higher risk of bleeding owing to disruption of small vessels. Newer models are
also integrated with a diathermy machine, to provide the electrocoagulation
function without needing to switch instruments. This saves time but both functions
cannot be used simultaneously. A potential advantage of the waterjet system is the
negligible necrosis that occurs at the margin. Further it allows dissection near the
major hepatic veins and IVC also. One of the important drawbacks of the waterjet
technique is splashes and spillage with potential for contamination. There may be
a potential for spread of tumour cells as well exposure of the operator to the infec-
tive particles.

Rau et al. reported their experience with the use of waterjet in 350 patients and
demonstrated reduced blood loss, lower transfusion requirements, faster resection
and reduced need of Pringle manoeuvre [16]. However, most of the experience with
waterjet has also come from this group alone.

Ultrasonic Scalpel (Harmonic®) (Fig. 9.3) This is an energy device that coagulates
and cuts using ultrasonic energy. It is effective in sealing vessels 2—-3 mm in diam-
eter. The generator produces a frequency of 55.5 kHz at which the blades vibrate.
The ultrasonic vibration of blades produces heat and denatures the proteins in the
parenchyma forming a coagulum. Further saw-like motion of the blades then divides
the tissue. Since very high temperatures are not attained, lateral thermal damage is
limited. However, it is not capable of sealing large blood vessels, and hence this is
not useful deep in the parenchyma where large vessels are likely to be encountered.
Further, this may not be very effective at sealing bile ducts though the data regard-
ing this is conflicting. Kim et al. reported high bile leak rates of up to 24% with the
use of Harmonic shears [17]. However, Mbah et al. found it to be relatively safe in
their study [18]. This device may be used alone only for resections of superficial
lesions. They are usually combined with other instruments for other resections.

Fig. 9.3 (a) Ultrasonic scalpel in liver resection. (b) Ultrasonic dissection machine
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They are useful in both laparoscopic and open settings. Primary advantages include
ease of application, being smokeless, less lateral spread and lack of need for
grounding.

Focus or Fusion Technology An advancement over the harmonic scalpel has been
the development of Harmonic Focus. This has blades like the Kelly clamp, and the
nonactivated instrument is used to crush the parenchyma. The residual vessels and
ducts are then sealed using activated Focus depending on their size. This technique
is proposed to increase speed, and reduce bleeding and postoperative biliary fistulae
both [19].

Bipolar Vessel Sealing Device (LigaSure®) (Fig. 9.4) This device uses bipolar
radiofrequency energy to achieve parenchymal transection and sealing of vessels
and ducts. It is capable of sealing vessels up to 7 mm in diameter. It acts by denatur-
ing the collagen and elastin fibres in the vessel walls and sealing the vessel. It has

Fig. 9.4 (a) Bipolar vessel sealing device being used for laparoscopic liver resection. (b) Bipolar
vessel sealing device and its laparoscopic probe
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found its use primarily in laparoscopic liver resections, where peripheral liver
lesions can be resected using LigaSure alone. LigaSure can be used directly for
achieving coagulation of the parenchyma followed by transection or can be used in
conjunction with the clamp crush technique. A clamp may be used to crush the
parenchyma, and LigaSure is then used for sealing the vessels and transection.
Similar to the Fusion Technology with Harmonic, LigaSure Precise is available with
a clamp-like structure, which can be used to crush the tissue before sealing [20, 21].
LigaSure can also be used without vascular occlusion. The radius of coagulation is
around 1 mm, hence reducing the tissue loss.

LigaSure has been found to increase the speed of transection, reduce blood loss
and reduce complications [22]. Romano et al. reported a 17% rate of transfusions
and complications with no bile leaks. Though some authors have reported it to be
safe even in livers with cirrhosis, they found that its utility was reduced in patients
with cirrhosis where it fails to achieve reliable sealing of vessels [23, 24]. They
postulated that the fibrotic liver prevented adequate compression and also caused
dispersal of the energy resulting in ineffective sealing of vessels and bleeding. Cost
and availability are major factors affecting its routine usage. Also, a randomized
trial failed to show any benefit of LigaSure over the clamp crush technique [25].

Radiofrequency-Assisted Transection (Fig. 9.5) This uses the same principle as in
radiofrequency ablation of tumours, to ablate and divide the liver parenchyma along
the desired plane of transection to achieve a rapid and bloodless resection. This was
first described by Weber et al. in 2002 [26]. The technique involves marking the
margins of the tumour on the surface of liver parenchyma using intraoperative ultra-
sound. After this, another line is marked on the liver capsule at a distance of 1 cm
from the tumour. Early in their experience, the authors ensured a margin of 2 cm
which was later reduced to 1 cm. The probe is positioned with the help of
ultrasound.

The earliest probes used were monopolar probes which were the same as those
designed for the purpose of tumour ablation. Currently multipronged bipolar probes
are available which reduce the skin burns, lateral thermal damage and time [27].
However, the tissue necrosis in the remnant liver still remains significant. The pri-
mary disadvantage of this technique is that it ablates the entire parenchyma along
with the vessels and ducts. Hence, inadvertent injuries to large ducts or vessels are
possible. This is reflected in the results of a randomized trial which showed a higher
incidence of postoperative complications in the radiofrequency arm (33%) com-
pared to the clamp crush technique (none) [28]. Most surgeons also avoid its use
near the hilum or hepatic veins where major structures are likely to be encountered.
Also due to the significant tissue necrosis that it produces, there is loss of paren-
chyma, and this may be problematic in patients with cirrhosis and marginal volume.
Further, large vessels may not be coagulated and sealed effectively leading to trou-
blesome bleeding. The other issue is that it is time consuming. Further, its use near
the hilum is discouraged owing to the risk of incomplete coagulation because of the
heat sink effect.
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Fig. 9.5 Radiofrequency device (Habib 4x) being used for resection. (Reproduced with permis-
sion from Acharya M, Panagiotopoulos N, Bhaskaran P, Kyriakides C, Pai M, Habib N. Laparoscopic
resection of a giant exophytic liver haemangioma with the laparoscopic Habib 4x radiofrequency
device. World J Gastrointest Surg. 2012 Aug 27; 4(8): 199-202)

Most of the experience with this technique has come from a single group. Pai
et al. reported on the experience with bipolar radiofrequency device (Habib 4X) in
604 liver resections (206 major and 398 minor). The median blood loss was only
155 mL, with a blood transfusion rate of 12.5%. The morbidity rate was 23.5%, and
mortality rate was 1.8%, which is similar to that with other techniques [29].
However, as stated earlier, a randomized trial did not show any benefit but instead a
higher rate of complications. Whether lack of adequate experience was responsible
for inferior results is unclear.

Microwave The use of microwave energy in liver surgery was described first in
1981 [30]. Similar to the radiofrequency-assisted transection, this uses microwaves
to achieve coagulative necrosis along the proposed line of transection. The needle
probe is attached to the generator through a handpiece. The needle is inserted into
the liver parenchyma, preferably under ultrasound guidance. The microwaves pro-
duce heat that causes denaturation of proteins and coagulative necrosis. Once the
parenchyma changes colour to greyish white, the needle is removed and advanced.
The radius of coagulation achieved is 5 mm.

Initial reports suggested that though it increased the speed of transection and
reduced blood loss, it led to increased postoperative complications in the form of
bile leak, collections and fever [31]. Part of it was related to inability of micro-
waves to seal the biliary channels effectively and partly to the necrotic surface of
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the remnant liver. Further its use near the hilum remains controversial owing to the
high risk of injury to major structures. However, a recent study reviewing 1118
liver resections did not bear this out [32]. The median intraoperative blood loss
was 250 mL, and bile leak was noted in 3% and collections in 3.3%. They reported
successful use of microwave tissue coagulator even near the hilum. Bile leak rates
were comparable to other techniques. However, this could be due to the fact that
majority of the resections carried out were minor and nonanatomical. One of the
main advantages of this technique however is the fact that no inflow occlusion is
required, making it attractive in cirrhotics. Further most patients in this study had
diseased livers, thus demonstrating the efficacy of this technique even in cirrhosis.
However, the main deterrent to its widespread application remains tissue loss of
the remnant liver and the high incidence of bile leaks and collections apart from
issues of availability.

Saline-Linked Radiofrequency Sealing Device (Aquamantys®, TissueLink®) This
combines the principle of bipolar electrocoagulation with irrigation. The bipolar
cautery coagulates the tissue but restricts the current flow to between the two prongs
of forceps. This therefore prevents both skin burns and lateral damage. The continu-
ous irrigation prevents the burnt tissue from sticking to the forceps and cools the
area preventing eschar formation. Aquamantys is a commercially available dispos-
able sealer that has a fixed flow of saline and fixed distance between the tips to
ensure the same coagulant effect in each use. This is termed as the Transcollation
technology that uses saline to improve the tissue sealing effect. Once adequate
coagulation is achieved, the tissue can be divided using scissors or cautery. If a
sharp tip is being used, it can be used to divide the tissue by gentle traction with the
tip itself. The side of the tip is also useful for achieving cut surface coagulation and
haemostasis. The device is capable of sealing vessels 3—6 mm in diameter. Larger
vessels need to be clipped or ligated. This can be used either as the primary tech-
nique for parenchymal transection or in conjunction with other techniques. Curro
et al. studied it in 12 cirrhotic patients and found it to be safe, feasible and associ-
ated with low blood loss and minimal tissue loss [33]. Kaibori et al. studied its use
with CUSA and compared it with a standard bipolar cautery with CUSA and found
it to be superior in terms of speed, blood loss and requirement of ties [34]. However,
it is a relatively new technique, and safety issues are yet to be resolved completely.
A study comparing irrigated bipolar sealer to monopolar cautery found a signifi-
cantly higher rate of cut surface complications including abscess formation [35].
Though a few studies have shown that it reduces the bleeding and reperfusion injury,
it is very time consuming. Xia et al. showed significantly less blood loss and
reperfusion injury in cirrhotic livers while using TissueLink when compared to
clamp crush technique [36].

Staplers (Fig. 9.6) Staplers may be used either for division of major vascular pedi-
cles, liver parenchyma or both. The use of staplers for division of portal and hepatic
veins was proposed over 20 years ago and has become standard during both open and
laparoscopic procedures. Endovascular staplers are also being used for parenchymal
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Fig. 9.6 Stapler being used for division of vascular pedicle in laparoscopic liver resection

transection in both major and minor resections. They are especially useful in left
lateral sectionectomy or minor resections where the thickness of parenchyma to be
transected is less. In major hepatectomies, the parenchyma is first crushed and frag-
mented with a clamp, to reduce the thickness and allow application of the stapling
device. They can effectively seal both blood vessels and biliary radicles and allow
for rapid and safe division of parenchyma. After completion of transection, the sur-
face haemostasis is performed as usual using mono- or bipolar electrocautery and/
or argon plasma beam coagulation.

In a retrospective review of 1174 patients undergoing parenchymal transection
using a stapler device (77% major resections and 23% minor resections), the median
operating time was 206 min, and blood loss was 300 mL. Only 11% required blood
transfusions, and the overall morbidity and mortality were 14% and 3.2%. The
safety profile is further validated by the median length of hospital stay of only
7 days. Rare instances (1.1%) of stapler misfire were noted which resulted in bleed-
ing and mortality [37]. Further advantages include the lack of need for vascular
control. This is especially useful in patients with liver disease or cirrhosis who toler-
ate vascular exclusion poorly [38]. Further, staplers are extremely useful in laparo-
scopic liver resections and have in fact increased in popularity with increasing
utilization of minimally access approach for hepatectomy. They are easy to learn
and add to the speed and safety. A large database study of 1499 laparoscopic liver
resections compared the use of staplers (746 resections) for parenchymal transec-
tion with other methods (735 resections) and found significantly shorter operative
times, less blood loss and reduced transfusion requirements. Though surgical mar-
gins were found to be less in this study in the stapler arm, there were no clinical
implications as both groups had similar recurrence and overall and disease free
survival rates [39]. Further battery-powered staplers such as iDrive are available
today, which make the use of staplers in all locations, angles and tissue thickness
ergonomically convenient, easy and safe.

One of the main drawbacks of using staplers is the high cost associated with
these devices. However, some authors believe that the reduction in operating time,
reduced transfusions and complications offset the direct costs [38]. Also, some
authors have raised concerns of bile leak with staplers, but large studies have not
uniformly demonstrated this risk [37, 40].
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Electrocoagulation This includes the routinely used monopolar and bipolar dia-
thermy. This is used in conjunction with other devices for dividing small vessels and
ducts and fibrous tissue. In addition, these are also used for achieving surface hae-
mostasis. They may also be used for obtaining biopsies from surface lesions or
attaining haemostasis thereafter.

Choosing Between the Technologies

The plethora of gadgets to aid transection makes it difficult to choose one. Evidence
to support any single device is sparse. The quality of trials available to test these
ever increasing devices is poor, with a high risk of bias and significant heterogeneity
in inclusion criteria. Further, continuous advancements, modifications and improve-
ments in available devices make it difficult to draw conclusions from the trials.

In a landmark trial, Lesurtel et al. randomized 100 patients to one of the four
techniques of clamp crush, CUSA, waterjet or dissecting sealer [41]. They found
that the clamp crush technique was the best in terms of resection time, blood loss,
transfusion requirement and cost. However, vascular occlusion was used only along
with the clamp crush technique, which may bias the result in its favour. Arita et al.
compared the clamp crush technique with the saline-linked radiofrequency coagula-
tor and found similar results with no benefit for the sealing device [42]. A random-
ized trial however did find lower blood loss and faster transection when energy
devices were used in liver resections compared to using silk ties. Here the transec-
tion in both groups was carried out by CUSA or clamp crush [43]. Rahbari et al.
conducted a meta-analysis of seven randomized trials and found no benefit of any
device over the clamp crush technique [11].

A recently published meta-analysis concluded that none of the special devices
offers any benefit in terms of blood loss, transfusion requirement, morbidity or
mortality [10]. What they did note was a higher incidence of adverse events with
radiofrequency dissecting sealer, whose use should therefore be restricted to
clinical trials.

The final choice of the device used to aid in transection depends on the personal
choice of the surgeon, their experiences, knowledge of devices, location of the
tumour, the proposed surgical procedure, availability of instruments, their potential
complications and cost considerations. Currently, most surgeons use a combination
of these devices in transection, to reduce blood loss and increase speed.

9.3.2 Haemostasis

Despite the plethora of gadgets and techniques available to aid the transection of
liver parenchyma, bleeding from the cut surface still remains a major issue which
ultimately determines the outcomes. Therefore, surgeons continue to rely on a mix
of systemic and topical agents which can aid in the haemostasis and biliostasis.
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9.3.2.1 Systemic

Several drugs have been tried systemically in an attempt to enhance and aid haemo-
stasis after liver resections. These include tranexamic acid, aprotinin, antithrombin
III, recombinant factor VIla and desmopressin. The use of these agents in liver resec-
tions is an extrapolation of their utility in other surgical procedures such as orthopae-
dic or cardiovascular ones. Of these currently only tranexamic acid is routinely used.
Others have been forgone due to either lack of efficacy, cost or side-effects [44—46].
It is postulated that liver resection creates a state of accelerated fibrinolysis or hyper-
fibrinolysis. In addition, a significant proportion of resections involve diseased livers
which also add to this fibrinolytic state. Therefore, it was postulated that antifibrino-
lytic agents like aprotinin and tranexamic acid would reduce bleeding. The role of
aprotinin has been studied in only 1 randomized trial in 1999 with 97 patients which
showed that it reduces blood loss and transfusion requirements in liver resections
[47]. However, no further trials have been conducted to test its utility and safety
profile. Furthermore, a higher risk of renal failure, thromboembolic events and mor-
tality was noted in patients undergoing cardiac surgery, which has discouraged its
use. Additionally cost considerations have also impeded its use. Tranexamic acid has
also been tested in only one randomized trial in 2006 and found to significantly
reduce the blood loss and transfusion requirements and operating time [48]. However,
tranexamic acid is believed to be associated with a risk of thromboembolic events.
Its safety profile needs further elucidation in prospective trials.

Data regarding the utility of systemic agents in liver resections is sparse. Limited
data is available in favour of tranexamic acid and aprotinin. However, good-quality
trials are needed before their routine use can be recommended [49]. At present,
selective use of these agents based on the thromboelastographic profile of the patient
may be prudent.

9.3.2.2 Topical Haemostatic Agents

As the name states, these are applied topically to the cut surface of the liver to pro-
duce haemostasis. These include surface application of energy or pharmacological
agents.

Energy Devices These include surface application of electrocautery or argon
plasma coagulation. Electrocoagulation has previously been discussed.

Argon Plasma Coagulation (Fig. 9.7) Here, a beam of argon gas is directed from
the tip of the probe to aid in the conduction of the radiofrequency energy to the tis-
sue. The energy is delivered through ionized gas, and hence, the probe does not
touch the tissue, preventing sticking of the tissue also. Further, the beam is ionized
and autodirected towards the tissue with area of least resistance. As it dessicates and
chars, the resistance rises, and the beam gets redirected to the raw uncoagulated
area. It is faster than other coagulation systems and provides a more superficial and
uniform coagulation, reducing deeper tissue damage. Further, it is smokeless and
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Fig. 9.7 Argon plasma coagulation of cut surface

produces less charring. However, its use should be avoided in laparoscopic resec-
tions as it increases the risk of gas embolism. Helium plasma coagulator has also
been introduced with the same principle using helium gas.

Pharmacological Agents These consist of either directly acting agents which form
the clot to achieve haemostasis or a matrix which stimulates endogenous clot pro-
duction. The final step in the common pathway to clot formation is the formation of
fibrin from fibrinogen by thrombin and polymerization of fibrin to form a stable
clot. The directly acting agents generally contain fibrinogen and thrombin in sepa-
rate vials which can be mixed and applied to the surface. These are also available
bound to a matrix, resulting in a carrier-bound fibrin sealant. Several different for-
mulations are available that differ in the percentages of these components and the
presence of additional substances like antifibrinolytic agents, calcium, etc.

Some of the commonly used agents consist of:
1. Those that mimic endogenous coagulation:

(a) Fibrin sealants: Tisseel®, Hemaseel®, Quixil®
(b) Carrier-bound fibrin sealants

e Collagen fleece coated with fibrinogen and thrombin: TachoSil®,
TachoComb®

* Gelatin and thrombin: FloSeal®

e Collagen and thrombin: CoStasis®

2. Those that provide a matrix for endogenous coagulation:

(a) Cellulose: Surgicel®, Nu-knit®
(b) Gelatin: Gelfoam®, Spongostan®
(c) Collagen: Tissuefleece®, Duracol®
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Studies on the efficacy of topical haemostatic agents have shown a statistically
significant reduction in the time to haemostasis. The clinical relevance of this find-
ing remains unclear. Since the transfusion requirement is primarily determined by
the loss occurring during transection rather than from the cut surface, the clinical
relevance with regard to haemostatic potential remains unclear. The other function
for which these agents are used is biliostasis. The effect of bile on these agents has
been the subject of a few experimental studies. Bile salts have anticoagulant effects
and have been shown to prevent the conversion of fibrinogen to fibrin [50]. This
could potentially interfere with the biliostatic effect of these agents. However,
Fonouni et al. conducted an animal experiment on a porcine model comparing the
biliostatic potential of two commercially available sealants with control when
applied to the cut surface. They found that the sealant group showed a significant
reduction in the incidence of bile leakage [51]. Regardless, most other in vitro
experimental studies have failed to reproduce these results. Further, other in vivo
studies have also not shown a consistent benefit as far as biliostasis is concerned.
Though a small study by Noun et al. showed a significant reduction in the drain
output and drain fluid bilirubin, a well powered randomized trial failed to show any
difference in bile leak rates [52, 53].

Recent meta-analysis has concluded that though the topical haemostatic agents
reduced time to haemostasis, they did not reduce transfusion requirements, collec-
tions or bile leak rates [54, 55]. Hence, there seems to be inadequate evidence to
support the routine use of topical haemostatic agents. However, surveys amongst
liver surgeons reveal that they are popular and used by majority of surgeons with an
intent to reduce bleeding, bile leak and collections [56, 57].

Chemical Cauterization Chemical cauterization of the cut surface has been studied
in rat models using ferric sulphate and ferric chloride. This has been found to be
useful in achieving haemostasis in a significantly shorter time [58, 59]. However,
the efficacy in vivo and adverse effect profile needs to be studied before this can be
brought into routine practice.

9.4 Miscellaneous

9.4.1 Portal Vein Embolization

The limits of resection are dictated by the probability of leaving behind a safe vol-
ume of functional liver, which has an adequate vascular inflow, venous outflow and
biliary drainage. Preoperative portal vein embolization (PVE) is the elective oblit-
eration of portal blood flow to a selected portion of the liver, a few weeks prior to
intended major liver resection, with the intention of eliciting a hypertrophic response
in the non-embolized portion. Haemodynamic and humoral factors are involved in
the hypertrophic response. The purpose is to augment the volume and potentially
the function of the future liver remnant (FLR) beyond a safe threshold, so that the
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risk of post hepatectomy liver failure and its attendant complications including sep-
sis, multi-organ failure and mortality are avoided or minimized. This usually takes
the form of a right portal vein embolization, performed in preparation of a planned
future major right-sided resection such as an extended right hepatectomy (in a nor-
mal liver) or a right hepatectomy (in a cirrhotic liver). Very rarely, a left portal vein
embolization may be indicated before a left-sided resection. The percutaneous PVE
can be performed by a transhepatic or transjugular route. The direct transhepatic
puncture of the portal vein under image guidance is the classical and most com-
monly performed technique. There are two minor but important variations, the ipsi-
lateral (same side as the tumour/intended resection) and the contralateral approach,
depending on which portal vein is punctured. Embolization of the portal vein
branches to segment IV increases the volume of hypertrophy in the remnant in a
planned right trisectionectomy.

The percentage increase of standardized FLR (i.e. FLR/estimated total liver
volume) that could be expected after PVE at 4-6 weeks ranges from 8 to 13%,
although some studies have reported higher rates [60-64]. When expressed as a
percentage augmentation from the baseline FLR, this would be a 40-62%
increase [64].

PVE is indicated when the FLR is deemed inadequate or unsafe, and there is
a reasonable prospect of an increase in the volume of FLR to an extent that
would shift the FLR to a zone that would permit safe resection. Though there is
no universal consensus on what would be an ideal minimum FLR, most experts
would agree on the following broad practical guidelines for considering PVE
[65-67]:

1. In an otherwise normal liver (unusual in clinical practice):

(a) A standardized FLR of <20%
(b) FLR to body weight ratio of <0.5% [Truant criterion] [68]

2. In the presence of significant steatosis/cholestasis/chemotherapy-associated ste-
atohepatitis/chronic hepatitis (most patients would fall in this category):

(a) A standardized FLR of <30%
(b) FLR to body weight ratio of <0.8%

3. In the presence of cirrhosis (Child A):

(a) A standardized FLR of <40%
(b) FLR to body weight ratio < 1.4%
(¢) FLR of <250 mL/m? [Shirabe criterion] [69]

The volume increase may further be augmented by addition of TACE before-
hand, concomitant segmental arterial occlusion, hepatic venous occlusion, stem
cell transplantation and branched-chain amino acid supplementation. PVE is well
tolerated with a mortality risk of 0.1% and major morbidity risk of 2-3%. The
dropout rate of patients who have PVE but do not proceed to resection is up to
25% [70].
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9.4.2 Biliary Drainage

Jaundice from biliary obstruction has a wide range of adverse effects which may
impact postoperative outcomes. There is experimental evidence for increased bacte-
rial translocation, endotoxemia, reduced Kupffer cell function, increased pro-
inflammatory cytokines (TNFa/IL-6) and suppressed cell-mediated immunity [71].
Clinically, liver resection is associated with higher morbidity in jaundiced patients
[72]. Poorer oncological outcomes have been recorded in distal obstructions need-
ing a pancreaticoduodenectomy, when the serum bilirubin levels are >18 mg/dL,
although there is no conclusive evidence along those lines in liver resections [73].
Biliary drainage, on the other hand, reduces pro-inflammatory cytokines [74] and
causes hypertrophy of the liver remnant, when it is drained. The downside of drain-
age is procedure-related cholangitis, re-intervention rates, prolonged hospital stay,
cost, delays in time to surgery and an increase in the risk of tumour seeding.

The volume and functional quality of FLR and the presence of cholangitis are two of
the key determinants of PHLF [75]. Although absolute bilirubin level alone has not been
shown to be an independent predictor of PHLF, most surgeons would prefer to have the
bilirubin less than 5 mg/dL (or 3 mg/dL) before embarking on a major hepatectomy.
However, there are centres which have reported safe upfront major liver resections in
cohorts of patients with a median bilirubin in the range of 18 mg/dL [76]. If reduction
in bilirubin is the goal, then drainage of as little as 30% of the liver would suffice. Major
liver resection without drainage has been associated with increased perioperative infec-
tive complications and bile leak [72]. The mortality also increases if the FLR is <50%
and the obstructed biliary system is undrained [72, 76].

In summary, preoperative biliary drainage when used selectively could be a use-
ful adjunct to liver resection. The indications are summarized in Table 9.2.

9.4.3 Ultrasound-Directed Parenchymal Sparing Resection
(Torzilli Technique)

Torzilli has pioneered an intraoperative ultrasound-guided, parenchymal sparing
technique which is especially useful in multiple bilobar metastases as seen in
colorectal cancer [77]. Two-staged resections which are the standard for bilobar
metastasis have a dropout rate of up to 40% which can be avoided by this parenchy-
mal sparing technique [78]. The key principles which set this technique apart from

Table 9.2 Indication for biliary drainage 1. Cholangitis
2. FLR borderline: 30-50%—drain FLR
2. FLR < 30%—drain bilaterally and add PVE
3. Need for PVE
4. Need for hepatopancreaticoduodenectomy
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the standard resections are an adequate exposure and mobilization of the liver (with
a thoracoabdominal approach, if necessary); a detailed mapping of the lesions under
contrast-enhanced ultrasound; accepting minimal (even zero mm) margins; shaving
lesions off veins; and resection and reconstruction of hepatic veins, if necessary.
Perioperative outcomes (blood loss; general and liver specific morbidity) are better,
and oncological outcomes have been shown to be at least on par with conventional
two-staged resections [78].

9.4.4 Real-Time Functional FLR Assessment
and Fluorescence-Guided Navigation Surgery

The kinetics of indocyanine green (ICG), a fluorescent dye, which is taken up by the
liver and excreted in the bile with no enterohepatic circulation, has some unique
properties which make it a clinically useful measure of liver function. The ICG
plasma disappearance rate (ICG PDR) and retention at 15 min (ICG-R15) are the two
commonly used parameters. The normal PDR is >18%/min and the normal ICG-R15
is <10% (or up to 14%). These may be calculated by measurement of the concentra-
tion of the dye on serial blood samples or non-invasively by finger spectrophotome-
try using appropriately calibrated machines. Although ICG has been in clinical use
for many years now, for the preoperative stratification of liver function, and this has
been incorporated into patient selection algorithms, the intraoperative real-time func-
tional assessment of the liver remnant using ICG is a relatively new concept. ICG
PDR after trial clamping of the inflow to the liver being resected has been shown to
correlate well with the post resection ICG PDR as well as the incidence of PHLF and
hospital stay [79, 80]. Lau et al. have coined the acronym ALIIVE for this technique,
which stands for assessment of liver remnant using ICG clearance intraoperatively
during vascular exclusion [80]. This technique simulates a post resection-state liver
function, at a final intraoperative checkpoint, just before vascular ligation, which
would be the point of no return. This increases the margin of safety and makes it pos-
sible to make critical decisions even at an advanced stage of the operation. For exam-
ple if in a planned right trisectionectomy, the intraoperative ICG estimation points to
an inadequate functional FLR, then one may resort to an ALPPS procedure; or on the
other hand, in a planned ALPPS procedure, if the ICG predicts an adequate func-
tional remnant, then a one-stage resection could be done. Currently, the clinical expe-
rience is limited, and more data is needed to draw safe and consistent cut-offs for
intraoperative ICG kinetics that could be used reliably in decision-making.

As an extension, the optical properties of ICG-laden tissues have been used to
develop systems, which have a number of practical applications in liver resection.
Fluorescence imaging using ICG has been in clinical use in other branches of medicine
since the 1970s, but its application in liver surgery is a relatively recent development.
ICG emits fluorescence when excited by near infra-red light. This needs a specialized
imaging system such as the photodynamic eye (PDE; Hamamatsu Photonics; Japan).
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Applications in liver surgery include liver mapping for segmental resections,
tumour visualization and intraoperative cholangiography. For mapping of liver seg-
ments, a 5 mg dose of ICG is injected in the portal vein branch of interest and
imaged with a PDE-type system. Repeat injection with or without arterial clamping
or even a Pringle manoeuvre may be required to prevent washout and cross-
contamination from systemic circulation, if prolonged imaging is required.

Well-differentiated HCC has impaired biliary excretion and hence retains
ICG. Poorly differentiated HCCs and metastasis do not take up ICG but compress
surrounding normal parenchyma resulting in a rim-type fluorescence. Sensitivity is
best for tumours within 5 mm of the surface. The interval between ICG injection
and imaging should ideally be at least 2 days, and a single dose of 0.5 mg/kg admin-
istered within 14 days of surgery is sufficient to visualize tumours [81].

ICG fluorescence cholangiography offers a road map of the biliary tree while
avoiding irradiation and the need for a C-arm. It is also useful in identifying cut
surface bile leaks that may be missed by other techniques [82]. For cholangiography
the recommended dose is 2.5 mg ICG about half an hour before induction or 10 mg,
24 h before surgery [81].

9.5 Summary

Liver resections are complex surgical procedures, fraught with issues of bleeding,
bile leaks, prolonged surgery, inadequate liver remnant and postoperative liver fail-
ure. Advances made in the surgical and anaesthetic techniques and technology are
increasingly allowing rapid and safe resection with minimal bleeding and few post-
operative complications. Further these may help in achieving resection of tumours
in central locations or overcoming the issue of insufficient volume. The first step to
achieving better outcomes has been an improvement in our understanding of the
anatomy of the liver and its vasculobiliary tree. Surgical and anaesthetic techniques
that have been developed to reduce bleeding include modifying the vascular inflow
and/or outflow and lowering the central venous pressure. Though these are not
required for every resection, an understanding of these measures and their effects is
paramount for the liver surgeon to safely complete resection in difficult situations.

The other potential target for improving outcomes is the technique of parenchy-
mal transection itself and treatment of the cut surface. Though several devices have
been developed to reduce blood loss during transection and decrease postoperative
complications, no single technique has shown uniformly consistent results. The
age-old technique of clamp crush appears to be best in terms of blood loss, speed,
safety and complications. The cut surface can be managed with electrocoagulation
or argon plasma coagulation beam or through the use of topical haemostatic agents.
Again, no single technique has emerged as superior to the others. In general, sur-
geons use a mix of all available techniques in different permutations and combina-
tions to achieve a safe resection and good outcome.
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Other adjuncts help in improving the quantity and quality of the future liver rem-
nant to reduce chances of postoperative liver failure. A preoperative portal vein
embolization can be used to increase future liver remnant volumes. An upcoming
alternative is ALPPS which can be used either directly or after a failed
PVE. Preoperative biliary drainage is advocated in jaundiced patients to improve
the quality of the remnant liver and render resections safer.

To conclude technical and technological advances have made liver resection safe
and feasible in most patients. A proper surgical planning utilizing the available
options judiciously in the preoperative and intraoperative period is essential for
achieving the best results.

Editorial Comments

Liver surgery has become safer than in the past due to a better understanding
of the surgical anatomy and a number of technological advances. The improved
resectability of liver tumours (both primary and secondary) has led to improved
survival. Apart from technical innovations, advances have taken place in tech-
nology facilitating safe liver surgery. The authors have adequately dealt with
both these aspects in their review. I would like to add the following:

1. Hemihepatic or sequential vascular occlusion selectively blocks the inflow
to the tumour-bearing liver or its segment. It thus preserves blood supply
to the remaining liver. Moreover, it prevents splanchnic congestion.
Haemodynamic instability too is minimized or avoided with this tech-
nique. Sometimes, when the tumour infiltrates the hepatic vein or inferior
vena cava, there can be substantial backflow, and total vascular occlusion
may be required. An alternative to total vascular occlusion is extra-paren-
chymal control of the hepatic vein and/or the suprahepatic vena cava [83].

2. Acute normovolemic haemodilution. Major bleeding can be a problem dur-
ing hepatectomy requiring multiple blood transfusions. This is undesirable
because it hampers postoperative recovery and affects the oncological out-
come. The haemodilution technique has been shown in a randomized study
by Maithel and Jarnagin [84] to not increase the requirement for blood
transfusion and being as effective as standard management.

3. VIO soft coagulation system. This is a new coagulation device used in
hepatic resection. All standard electrosurgical systems produce sparks and
cause carbonization and adherence of the electrodes to the liver tissue. As
a result haemostasis is not complete causing persistent bleeding. The VIO
soft coagulation system avoids these because only joule heat is generated
with a voltage limit of 200 v. As a result the coagulation with this device is
superior to standard coagulation devices [85].

4. Cryoablation [86]. As with radiofrequency ablation, cryoablation expands
the boundaries of liver resection. It is especially useful in metastatic bilobar
disease due to colorectal malignancies. For cryoablation of liver tumours,
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vacuum-insulated coaxial probes are placed during resection under ultra-
sound guidance. Initially a spinal needle is placed under intraoperative
ultrasound guidance, and then probe(s) are placed in the tract thus created.
The lesion is then ablated, and it is monitored by the appearance of an ice-
ball (cryoablated tissue) which is hyperechoic with posterior acoustic shad-
owing. Apart from the tumour, 1 cm circumferential margin of normal tissue
surrounding the tumour is also ablated. Once the tissue is frozen, the probes
are rewarmed and quickly removed. The needle tract is plugged with a hae-
mostatic agent. Though rare, cryoshock may occur. It is attributed to release
of cytokines from tumours which may cause organ failure and disseminated
intravascular coagulation. Raised transaminases and a low platelet count are
harbingers of this. However, it occurs only when a large amount of tissue is
cryoablated. Other cryo-related complications are liver abscess, bile leak,
bleeding and pleural effusion. These problems are commonly seen during
simultaneous colorectal resection including cryoablation of liver secondar-
ies along with colorectal resection.

5. 3D visualization during laparoscopic liver resection. This improves depth
perception and helps identify intraparenchymal blood vessels and bile ducts.
3D technology also helps surgeons to complete a hepatectomy faster [87].

6. Augmented reality guidance system. Preoperative CT is routinely used for
staging and surgical planning for liver cancers. However, identifying
important structures within the liver parenchyma can still be a challenge.
The augmenting reality guidance system has been developed to provide
real-time intraoperative fluoroscopic ‘C’-arm cone beam CT images. The
images projected on a screen can help surgeons navigate easily during sur-
gery and identify vital structures [88].

7. Laparoscopic liver surgery with robotic instruments. Laparoscopic liver
resection has been in practice for some years now. One of the problems is
the limited movement of the rigid instruments. This compromises the sur-
geon’s movements and often leads to musculoskeletal pain. To avoid these
and improve laparoscopic liver resection, robotic instruments are being
developed which will improve ergonomics and surgical skill [89].

8. Robotic liver surgery. Liver resection by robotic surgery is in the evolving
phase. There are a number of benefits. It avoids the limitations of laparo-
scopic liver resection mentioned above. This in turn improves tissue han-
dling and suturing. In robotic surgery the surgeon sits at a console unlike
in laparoscopic surgery where the surgeon is struggling with the instru-
ments. The camera and the retractors are controlled by the surgeon, while
in laparoscopy it is in the hands of the assistants. A distinct advantage is a
short learning curve. The results of robotic liver surgery are similar to lapa-
roscopic liver surgery in terms of operating time, blood loss, bile leak,
morbidity and hospital stay. The cost of the robotic procedure is high, and
this is hampering its wider use [90].
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