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Techniques of Hepatic Transection in Robotic 
Surgery – Is there Still Scope for Improvement?

Introduction  
More than 2000 major and minor liver resections were done 

in the United Kingdom during 2016-17, [1] a long way since 
1886, when Dr. Luis had the first attempt at liver resection [2].

Technological advances have helped dramatically in 
developing various strategies for resecting the liver. Hospital 
mortality rate of hepatic resection are around 5% depending 
on the size of the resection, for small resections mortality is 
even lower between 0-1% in specialized centers [3-8]. The 
development of specific instruments for liver transection, such 
as the ultrasonic dissector (CUSA), Water Jet, Harmonic Scalpel, 
Ligasure, Staplers, LOTUS torsion, and the Tissue-Link dissecting 
sealer have all shown to reduce risk and blood loss [9,10].

There have been several randomized controlled trials and 
systematic reviews looking at the safety and efficacy of many 
techniques and technologies used for hepatic resection [11-
13]. These developments have also occurred alongside the 
development of minimally invasive techniques. Laparoscopy for 
liver resection was first documented in the early 1990s, proving 
over the years to be as safe as conventional open hepatectomy 
whilst still retaining oncologic integrity [14-20]. However, the 
disadvantages of laparoscopy are well documented such as 
limited instrument motion, unstable camera platforms and poor 
ergonometry and by less experienced operators the ability to 
stop rapid bleeding; all factors that have undoubtedly hindered 
its widespread use to match the operative complexity and 
dexterity that is much easier during open hepatobiliary surgery 
[21-23].

The Da Vinci-Si Surgical System (Intuitive Surgical, 
Sunnyvalle, CA, USA) provides surgeons with intuitive 
translation from the instrument handle to fine movements of the  

 
tip, eliminating the mirror-image effect. In addition, a remotely 
controlled camera provides improved visualization with high-
quality 3-dimensional images and a stable camera platform with 
scaling, tremor filtering, and coaxial alignment of the eyes and 
EndoWrist, with a 360° range of motion, allowing more precise 
operating techniques [24-31]. The Da Vinci Xi system also allows 
the potential for different camera positions that are extremely 
useful for multiple resections when tumors are present in 
different liver segments/lobes. 

In this article we discuss the current techniques of Hepatic 
transection and applicable to Robotic Hepatic Surgery.

Techniques of Hepatic Transection

Finger/clamp fracture (Kelly Clasia)

The finger fracture technique, which involves crushing of the 
liver parenchyma by fingers under inflow occlusion to isolate 
vessels and bile ducts for ligation, was first introduced by Lin 
et al. in 1958 [32]. This technique was subsequently improved 
through the use of surgical instruments such as a small Kelly 
clamp for blunt dissection (clamp crushing) [33].

A randomized prospective study has evaluated 100 patients 
without cirrhosis or cholestasis to liver resection using one of 
four methods: crush-clamp, ultrasonic dissector, water jet, or 
dissecting sealer. Those patients randomized to crush-clamp 
technique all underwent a Pringles maneuver (compression at 
the hepatoduodenal ligament) whereas this was not exclusively 
used with the other liver transection techniques. The crush-
clamp technique was associated with a shorter resection time, 
less blood loss, lower frequency of blood transfusion, and proved 
to be the most cost-effective method [34].

Abbreviations: CUSA: Cavitron Ultrasonic Surgical Aspirator; UD: Ultrasonic Dissector; LLR: Laparoscopic Liver Resection; RALS: Robot 
Assisted Liver Surgery
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A Cochrane review failed to show any significant differences 
with regards to mortality, morbidity, markers of liver parenchymal 
injury, or ICU/hospital length of stay when comparing the crush-
clamp to alternative methods [13]. The review did show crush-
clamp to be faster and more cost effective [10,13]. 

Unfortunately, the above-mentioned technique has a limited 
role in Robotic surgery and has been superseded by more 
superior energy devices. 

Water jet
The water jet dissector (ERBEJET 2, ERBE USA Inc, Marietta, 

GA, USA) employs a pressurized jet of water instead of ultrasonic 
energy to fragment the liver parenchyma tissue exposing vascular 
and ductal structures. In open surgery the water jet has a nozzle 
diameter of 0.1mm and a pressure of 30-40 bar. The advantage of 
this thin, laminar liquid-jet effect includes precise, controllable, 
tissue-selective dissection with excellent visualization, and 
minimal trauma to surrounding fibrous structures. Volmer et al 
concluded that the Water-jet technique is relatively simple and 
easy to learn, for both the surgeons and the operative nursing 
staff and had a short learning curve [35]. 

Rau et al. retrospectively analyzed 350 liver resections using 
a water jet. They found the Water-jet to be significantly faster 
than the CUSA with less need for Pringle occlusion and fewer 
transfusions [36].

Currently the waterjet is not available on a robotic platform 
and can be used only in open and laparoscopic liver surgery

Harmonic scalpel
The Harmonic Scalpel (Ethicon Endo-Surgery, Cincinnati, 

OH, USA) uses ultrasound energy applied to vibrating ultrasonic 
shears to seal and divide blood vessels up to 3mm in diameter. The 
vibration of the blades at 55,500 times per second simultaneously 
cuts and coagulates tissues by causing denaturization of proteins. 
This allows for a precise transection plane and reduces lateral 
thermal damage (<1mm). In a non-randomized study, the use of 
the Harmonic Scalpel was associated with decreased operative 
time and a trend toward decreased blood loss and transfusion 
requirement. However, it was also associated with a significant 
increase in the incidence of postoperative bile leaks [37].

Although the harmonic scalpel is available on a robotic 
platform and is efficient in cutting and coagulating, it lacks the 
endowrist function (360O) and does not have all the degrees of 
freedom of other robotic tools. This limitation requires some 
adjustments during the procedure to align the instrument with 
the transection line [38].

CUSA
The Cavitron Ultrasonic Surgical Aspirator (CUSA, Tyco 

Healthcare, Mansfield, MA, USA) combines ultrasonic energy with 
aspiration to divide the liver parenchyma and thus skeletonize 
small parenchymal vessels and biliary structures greater than 
2mm, which are then divided according to preference e.g. 
clipping or by an energy device.

CUSA can be used in cirrhotic as well as non-cirrhotic livers 
and is associated with a less blood loss and a lower risk of bile 
leaks [39]. The disadvantage of using CUSA is that it takes more 
time to transect the liver. Nonrandomized studies have shown 
decreased blood loss, morbidity, and mortality using CUSA, 
however, larger randomized trials have not shown this benefit 
over the traditional crush clamp method [40].

CUSA is widely used in open and laparoscopic liver surgery 
but is still not available for Robotic assisted liver resections. It 
can be used via the assistant port but will be limited by space 
due to robotic arms. 

Bipolar devices
The Ligasure Vessel Sealing System (Covidien, Mansfield, 

MA, USA) is a bipolar vessel-sealing device that can permanently 
occlude blood vessels up to 7 mm in diameter by combining 
pressure and energy to fuse the collagen matrix in the vessel 
wall [41].

Two Japanese studies compared LigaSure to crush-clamp 
method, the former was associated with significantly lower 
blood loss, faster transection speed, and lower number of ties 
required. There were more bile leaks associated with Ligasure. 
None of the outcomes were statistically significant [42,43].

A vessel sealer with combined cutting capability is available 
in Robotic surgery, but the liver parenchyma tends to shear whilst 
closing the jaws prior to cutting the parenchyma. It has dual-
hinged, thermally isolated jaws capable of sealing and cutting 
vessels of 7mm caliber with lateral thermal damage confined to 
a perimeter of 1-2mm. It has independent seal and cut functions 
with user feedback and tremor filtration. The current instrument 
that is compatible with the robotic does have and endowrist 
which is advantageous. 

Staplers
Various endoscopic staplers are available and used in liver 

surgery (Ethicon Endo-Surgery, Cincinnati, OH, USA or Covidien, 
Mansfiel). They can seal any unexpectedly injured bile ducts or 
blood vessels [44-46]. Transection of hepatic parenchyma with 
vascular staplers has been assessed, and its advantages include 
a low rate of biliary complications (i.e. bile fistulas and bilioma) 
and reduced bleeding [47]. 

The stapler can be used in liver surgery for control of inflow 
and outflow vessels, or to divide liver parenchyma. It is useful to 
transect hepatic veins (which lie deep in the liver parenchyma) 
and also the biliary pedicle. The preferred technique to divide 
the hepatic duct pedicle during hepatic transection instead of 
dividing the duct extra-hepatically to avoid leaving an ischemic 
stump of hepatic duct, which may increase the risk of biliary 
fistula. The use of a vascular stapler to divide the hepatic duct 
saves time from suturing. However, caution has to be taken not to 
narrow the hepatic duct confluence, especially during a right or 
left extended hepatectomy for a large tumor encroaching on the 
liver hilum, which leaves little room for application of the stapler.
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A retrospective series of greater than 200 patients over 10 
years who underwent partial hepatectomy with either the crush-
clamp alone or vascular stapler techniques, found that compared 
to crush-clamp, use of a vascular stapler was associated with less 
operative time, blood loss, and transfusion requirements [48].

Finally, the CRUNSH trial is a newly designed prospective, 
randomized controlled trial comparing the efficacy of the crush-
clamp technique versus use of a vascular stapler for parenchymal 
transection [49]. The trial has not closed yet. 

The robotic endovascular stapling devices are not licensed 
for hepatic transection. The laparoscopic device can be 
implemented with the help of an assistant and an assistant port.

Radiofrequency devices
This is a technique wherein a radiofrequency probe (Habib 

4X, Angiodynamics, Queensbury, NY, USA) induces coagulative 
necrosis in a sphere of tissue around the probe to treat the 
parenchyma along the plane of dissection for a few seconds 
which pre-coagulates the tissues which is then cut with a scalpel. 
There is potential for heat sink and thermal injury to surrounding 
biliary radicles and vascular structures

A randomized trial from Italy compared radiofrequency 
assisted liver resection to crush-clamp and found a higher rate 
of postoperative complications (abscesses, biliary fistula, and 
biliary stenosis) in the radiofrequency-assisted group [9]. 

Tissuelink (Aquamantys) is another device that works using 
transcollation (transforming collagen) technology sealing small 
biliary radicals, no charring and gives a bloodless operating 
field. This device delivers radiofrequency energy and saline 
simultaneously to achieve temperatures of 100oC. The major 
disadvantage is that is can be slower and is more expensive. 

One randomized study showed that use of ultrasonic 
dissector (UD) combined with TissueLink is superior to UD 
combined with bipolar cautery in terms of reduced blood loss 
and faster transection speed with no increase in morbidity [50].

An expert panel opinion suggests that UD along with tissuelink 
was associated with a lower morbidity, lower transfusion rate 
and could eliminate the need for inflow occlusion [51].

At present, this method is not widely used in liver transection 
and is not compatible for use during robotic surgery, although 
the tissuelink could be used via an assistant port in adjunct to 
hepatic transection in robotic surgery.

Discussion
Liver surgery is now associated with less morbidity a 

mortality with the advent of new techniques in surgery. There 
is a trend towards minimally invasive approach as it has the 
advantage of less post-operative analgesia, reduced hospital 
stays, and similar outcomes shown compared to open surgery

At the end of 2008, a consensus conference on laparoscopic 
liver resection (LLR) was held in Louisville, Kentucky. During 
this conference, the criteria that are best suited for this kind of 

surgery were defined, including lesions that are solitary, 5 cm or 
less, located in peripheral segments 3–6 [52]. 

It remains to be determined if the robotic platform provides 
definitive advantages over standard laparoscopy in liver surgery. 
The data show significantly longer operating times for robot 
assisted liver surgery (RALS) over conventional laparoscopic 
liver resection (LLR). However, this finding is biased by the 
fact that the learning curve of robot-assisted laparoscopic liver 
resection had not been completed, as most series included 
here represent initial experience. As was shown by Tsung et 
al., operating time, blood loss and length of stay significantly 
decrease as experience grows [53].

A few centers have published results from their initial 
experience on RALS with good outcomes [54-56]. A retrospective 
analysis of laparoscopic and robotic surgeries in Taiwan 
concluded that they had similar outcomes although the major 
hepatectomy rate increased from 15 to 44% when they adopted 
RALS [57]. To aid in making RALS safer, novel applications 
such as indocyanine-green biliary contrast (FireFly imaging) 
and integrated augmented-reality navigation have been used 
in concordance. The former needs the aid of near infra-red 
fluorescence to identify biliary and vascular anatomy, reducing 
the chances of intra operative complications.

One of the limits of robotic HPB surgery is the need for 
specialized training, not only for the primary surgeon, but also 
for the assistant surgeon and OR nurses, although in some cases, 
the learning curve for specific robotic procedures has proven to 
be shorter than the laparoscopic equivalent. 

Conclusion
RALS is a feasible procedure. A current problem is that there 

are a limited number of robotic instruments for parenchymal 
transection. Yet, the CUSA system, widely used in open and 
laparoscopic liver surgery, is not available for the robotic 
platform. It also remains unclear which technique is best for 
parenchymal transection during robotic liver resection and a 
comparative study would be required.
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