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Abstract

Backgrounds Minimally Invasive Liver Surgery (MILS), encompassing laparoscopic (L-MILS) and robotic (R-MILS)
approaches, has revolutionized liver surgery, offering reduced morbidity, shorter hospital stays, and improved outcomes
while maintaining oncological efficacy. Despite the widespread use of L-MILS, parenchyma liver transection techniques
and devices remain debated. This study investigates the adoption of transection devices (TDs) in MILS among 86 hospitals,
focusing on surgical practices, device utilization, and outcomes.

Methods The Italian Society of Endoscopic Surgery (SICE) endorsed a cross-sectional internet-based survey targeting
general and Hepato-Pancreato-Biliary surgeons.

Results Responses from 86 centers revealed that 77% of institutions is available a robotic platform, with an adoption rate
of 87.50% in high-volume centers. L-MILS remains the predominant technique for liver resections, also in case of major
hepatectomies, although R-MILS is increasingly utilized. For minor L-MILS, more than 50% of respondents use ultrasonic
shears and electrosurgical pencil and advanced bipolar devices, while about 40% of surgeons adopt Cavitronic Ultrasonic
Surgical Aspirator (CUSA) in major resections. R-MILS procedures predominantly used Maryland bipolar forceps and vessel
sealers, with hybrid techniques (30%) integrating laparoscopic devices (e.g., CUSA) to address robotic device limitations.
Conclusion The minimally invasive approach to liver parenchymal transection is a key component of this surgical procedure.
For major hepatectomies, the CUSA device remains the most effective tool, whereas ultrasonic shears, electrosurgical pencil,
and advanced bipolar devices are more suited for minor resections. Despite limited access to specialized instruments, R-MILS
achieves favorable outcomes in liver transection by employing the crash-clamp technique or hybrid strategies.

Keywords Liver surgery - Robotic liver surgery - Laparoscopic liver surgery - High energy device - Minimally invasive
surgery - Liver parenchyma - Indocyanine green fluorescence - High volume - Medium volume - Low volume

Liver surgery is considered a high morbidity and mortal-
ity surgery, particularly due to the challenges of controlling
bleeding and managing complex liver anatomy [1-5].

Laparoscopic and Robotic Minimally Invasive Liver Sur-
gery (L-MILS and R-MILS) has changed Hepato-Pancreato-
Biliary (HPB) surgery landscapes, reducing the length of
stay and postoperative complications and improving patient
outcomes with superimposable results compared to tradi-
tional open surgery [6—13].
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Contemporarily, the evolution of surgical techniques in
MILS has allowed for greater precision in liver resections,
enhancing imaging techniques such as Intraoperative Ultra-
sound (IOUS) and Indocyanine Green (ICG) fluorescence
and refining sophisticated transection devices [14—17].

As the field continues to evolve, understanding the adop-
tion and impact of these advanced techniques across various
medical centers is crucial to optimize patient care and guid-
ing future innovations in liver surgery.

The widespread adoption of robotic platforms over the
past decade has opened new horizons, offering high-defini-
tion 3D visualization, advanced articulating EndoWrist tech-
nology, microsurgical precision, and enhanced capabilities
to manage complex conditions.
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However, one of the major concerns about R-MILS is
linked to the limited choice of transection devices dedicated
to liver surgery widely used in open and laparoscopic fields
[18]. Despite this, R-MILS has increased in the western and
eastern countries [12, 19-26].

Taking into account the above considerations, this survey
aims to evaluate the current state of MILS, primarily focus-
ing on the adoption of transection devices.

The survey also provides some data on center volumes
and techniques and outcomes, so our study seeks to identify
trends, challenges, and outcomes associated with different
surgical approaches, providing a robust foundation for future
clinical practice and consensus.

Materials and methods
Survey

The Italian Society of Endoscopic Surgery (SICE) endorsed
an internet-based cross-sectional survey to investigate the
percentage of MILS across public and private international
hospitals and to evaluate the use of several Transection
Devices (TDs) for liver resection according to parenchyma
features (healthy, steatosis, or cirrhosis), hospital volumes
(high, medium, or low) and type of L-MILS and R-MILS.

Google Forms Survey® (Google; Mountain View, CA,
USA) was used to disseminate our survey and to collect indi-
vidual informed consent. Thanks to an email, a brief study
purpose was sent to SICE members, and their participation
remained voluntary. Recipients received two reminders.

The survey was performed according to the Checklist for
Reporting Results of Internet E-Surveys (CHERRIES) [27].

The Steering Committee (G.C., R.M.), the Methodolo-
gist (P.A.), and the Expert Committee (P.A., EM.M., M.C.,
G.T., G.P, L.R.,, AR.) developed 60 questions after remote
discussions about MILS and TDs currently used worldwide.
Before going live, the questionnaire was put through a pre-
liminary beta testing phase to make sure it was user-friendly,
relevant, and understandable.

The final survey consisted of 44 questions divided into
three sections (Appendix 1, Table 1). Both closed-ended
(38/44, 86%) and open-questions (6/44, 14%) were included.

The first two sections covered general inquiries concern-
ing the respondents’ baseline characteristics, their nation and
continent of practice, their type of subspecialty and years
of training, and the hospital organization. The last section
covered specific types of clinical practice according to MILS
approaches and liver parenchyma features.

The survey has been sent to respondents between July
and August 2024.

General and demographics data preempt dedicated liver
surgery questions including years of experience, volume

(low < 20 resections/year, medium 20-50 resections/year,
high > 50 resections/year), type (public, academic, private)
of center, and available equipment for MILS.

Major L- and R-MILS resections were defined as >3
Counaid liver segments (anatomically major) or 7, 8, 4a, and
1 segment resections (technically major) [28]. Difficult liver
resections were defined according to IWATE score: Opera-
tive levels > 6 were reported as challenging procedures [29].

Participants

General and HPB surgeons, including surgical trainees and
fellows, consultant/attending surgeons, researchers/profes-
sors, and directors, attended our survey.

Hospitals from North and South America, Europe, Asia,
Africa, and Oceania were featured.

We excluded survey participants who provided less than
60% of responses.

Transection devices

Our survey was developed to gather quantitative data on
different TDs used in L- and R-MILS according to anatomi-
cal/non-anatomical, major/minor resections, and liver paren-
chyma texture.

A structured questionnaire was constructed, incorporat-
ing multiple-choice and Likert-scale questions to facilitate
standardized responses. The various TDs indicated in our
survey were reported in Table 1.

Usage percentages were divided into five distinctive cat-
egories: 0%, <25%, 25-50%, 51-75%, and > 75%. This seg-
mentation was intended to capture both non-use and vary-
ing degrees of device adoption, providing a comprehensive
overview of the current practice patterns in parenchymal
transections.

Statistical methods

Data was analyzed with IBM Statistical Package for the
Social Sciences (IBM SPSS®). Quantitative variables were
reported as mean + Standard Deviation (SD) or median and
interquartile range (IQR). Frequencies and percentages were
used to depict the categorical data.

The chi-square test (Xz) or Fisher’s exact test was per-
formed to compare qualitative variables, while the T-test was
performed to analyze normal distributed variables.

A two-tailed p value < 0.05 was recognized as statistically
significant. Continuous data that were not normally distrib-
uted were shown as 95% confidence intervals (95%CI) or as
medians and interquartile ranges (IQRs).

Variables were stratified among the 3 different volume
centers—High Volume (HV, > 50 liver resection/year),
Medium Volume (MV, 20-49 liver resections/year),
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Table 1 Type of different transection devices commonly used in laparoscopic and robotic liver resection

Type of transection devices

Laparoscopic devices

Robotic devices*

Laparoscopic monopolar hook
Laparoscopic monopolar scissor
Bipolar Cautery

Advanced Bipolar devices
- LigaSure™ (Medtronic, USA)
- ENSEAL (Ethicon Endo-Surgery, USA)

Ultrasonic shears

- Lotus Torsional® (BOWA Medical, UK)

- Harmonic® (Ethicon Endo-Surgery, USA)

- Sonicision™ (Medtronic, USA)

- HARMONIC ACE® + 7 Shears (Ethicon Endo-Surgery, USA)
- Ultracision® (Covidien, USA)

- SonoSurg® (Olympus, Japan)

Advanced bipolar and ultrasonic devices

- THUNDERBEAT® (Olympus, Japan)

Staplers

- Endo GIA™ Universal (Medtronic, USA)

- Endo GIA™ Ultra Universal (Medtronic, USA)

- Endo GIA™ with Tri-Staple™ Technology (Medtronic, USA)

Robotic Monopolar hook
Robotic Monopolar scissor
Robotic Maryland bipolar

Advanced Bipolar devices
- Vessel Sealer Extend (Intuitive Surgical, USA)
- SynchroSeal (Intuitive Surgical, USA)

Ultrasonic shears
- HARMONIC ACE® (Intuitive Surgical, USA)

Ultrasonic + Radiofrequency

Staplers
- SureForm™ (Intuitive Surgical, USA)

- ECHELON FLEX™ Powered Plus Stapler (Ethicon Endo-Surgery, USA)

- ECHELON FLEX™ GST System (Ethicon Endo-Surgery, USA)
- Signia™ Stapling System (Medtronic, USA)
Monopolar or Bipolar Radiofrequency needle

- HabibTM 4X (LH4X, Rita, USA),

- Aquamantys™ (Medtronic, USA)

Saline-linked radiofrequency dissector

- TissueLink medical’s DS3.5 (Dover, NH)
Cavitronic Ultrasonic Surgical Aspirator

- CUSA EXcel® (Integra, Ireland)

- Sonoca (Soring GmbH, Germany)

- SonoSurg® Ultrasonic Aspirator (Olympus, Japan)
Water-jet

- Helix Hydro-Jet (Erbe, Tubingen, Germany)
Precoagulation

- Radiotherapy-assisted devices

Laparoscopic Argon beam coagulators

Polymeric clips
- Hem-o-1ok® (Weck Surgical Instruments, Teleflex Medical, USA)

Robotic Argon beam coagulators

Polymeric clips
- Hem-o-lok® (Weck Surgical Instruments, Tel-
eflex Medical, USA)

Extended grasper

*Nowadays, all robotic instruments are commercialized by Intuitive

and Low Volume (LV <20 liver resections/year)—and
center type (private or public), compared using contin-
gency tables, and analyzed using the Chi-square test for
categorical or one-way analyses of variance (ANOVA) for
continuous variables, respectively.

Sensitivity analysis was done for center type as well as
the total yearly volume of liver surgeries.
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Results
Baseline characteristics of respondents

Our survey received a total of 86 responses that included
178 surgeons and 86 centers from 7 countries (Table 2).
Europe represents the most popular country (78.1%).
The median age of responding surgeons was
45.29 +10.63 years (range 27-68 years). Participating
were HPB surgeons who also trained in general (34.4%),
colorectal (32.2%), and emergency surgery (7.9%).
Overall, they had a duration of surgical activity lasting
10.7 years. Responders mainly came from public central
hospitals (73%). MV centers represented the majority of
respondents (40.7%), while LV were represented by 31.4%
of responders followed by HV centers (27.9%) (p=0.579).
Figure 1 summarized distribution of hospital types
according to public and private policy and volume centers.

Minimally invasive liver surgery experience
and availability

The number of MILS procedures performed by year
are listed in Table 2. Although L-MILS are uniformly

distributed across respondents’ centers, R-MILS is more
frequently available at HV (p =0.0021).

The 77% of respondents declared that a robotic device is
available in their institution. Therefore, analyzing robotic
availability (Table 2), it is possible to conclude that R-MILS
is not performed in all centers while in 55% of cases it is
used in all general surgery procedures.

While 79% and 62% of HV and MV centers indicated
performing both L- and R-MILS, only 25% of LV declared
whether laparoscopic or robotic devices are available in their
center.

Across all centers involved in our survey, in case of chal-
lenging procedures (IWATE > 6) or major hepatectomies
(=3 liver segments), L-MILS represents the preferred
technique (44.9%), followed by R-MILS (38.5%) and both
approaches (16.6%).

TDs equipment

Figure 2 clarify the usage distribution of TDs in L- and
R-MILS approaches, segmented by minor or major
resections.

Among the surveyed institutions, for minor L-MILS,
Harmonic® (Ethicon Endo-Surgery, USA) and LigaSure™
(Medtronic, USA) emerged as the most used device. Cav-
itronic Ultrasonic Surgical Aspirator (CUSA) followed

Table 2 Characteristics of

. - All LV MV HV p value

centers involved in SICE survey

according to MILS volumes Number of centers; (%) 86 (100) 27 (31.4)  35(40.7) 24 (27.9)
MILS procedures, yes; n. (%) 85 (98.8) 26 (96.3) 35 (100) 24 (100) 1.0000
MILS type, n. (% 33 (38.4) 17 (63) 13(37) 3(125) 0.0021
- Laparoscopy 9 (10.5) 2(7.4) 5(14.2) 2(8.3)
- Robot 48 (55.9) 7 (25.9) 22 (62.8) 19 (79.2)
- Both
Type of robotic devices available, n. (%) 4(4.6) 2(7.4) 129 142 0.7100
- Da Vinci X, Intuitive Surgical 60 (69.8) 14 (51.8) 25(71.4) 21 (87.5)
- Da Vinci Xi, Intuitive Surgical 2(2.3) 0(0) 1(2.9) 14.2)
- Hugo RAS, Medtronic*
L-MILS per year, n. (%) 35 (40.7) 15 (55.6) 12 (34.3) 8(33.3) 0.0069
-<20% 19 (22.1) 6(22.2) 10 (28.6) 3(12.5)
-21-30% 16 (18.6) 2(7.4) 9(25.7) 5(20.8)
-31-50 13 (15.1) 1(3.7) 4(11.4) 8 (33.3)
->50% 3(3.5) 3(11.1) 0(0) 0(0)
-NA
R-MILS per year, n. (%) 40 (46.5) 19 (73.1) 12 (34.3) 9(37.5) 0.0019
-<20% 12 (14) 1(3.8) 6(17.1) 5(20.8)
-21-30% 10 (11.6) 0(0) 3 (8.6) 7(29.2)
-31-50 9 (10.5) 1(3.8) 7 (20) 14.2)
->50% 15 (17.4) 6(22.3) 7 (20) 2 (8.3)
-NA

Italics indicate statistical significance

*Hugo Robotic Assisted Surgery, Medtronic, is still not available for MILS

MILS Minimally Invasive Liver Surgery, L-MILS Laparoscopic—Minimally Invasive Liver Surgery, R-MILS
Robotic-Minimally Invasive Liver Surgery, NA Not Available
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Type of hospital

Public central hospital
73%

Private central hospital
7 13%

Private peripheral hospital
1%

N.ro of hospitals according to volume

Low volume Medium volume High volume

Fig.1 A, Distribution of hospital types by Central vs. Peripheral and Public vs. Private policy (p value= <0.0001); B, Number of centers

according to Minimally Invasive Liver Surgery volume (p value=0.579)

I Minor resection 1 Major ic resection

Uttrasonic shears/scalpel energy devices
40

Cavitronic Ultrasonic Surgical Aspirator Advanced bipolar devices

Monopolar or Bipolar Radiofrequency needle Advanced bipolar and ultrasonic systems

O Minor robotic resection [ Major robotic resection

Robotic Maryland bipolar
50

Combining other laparoscopic devices Robotic Da Vinci Vessel sealer or SynchroSeal

Harmonic ACE® Robotic scissors

Fig.2 Radar plots comparing the utilization of surgical devices in
different procedures. A, Minor versus major laparoscopic resections:
Utilization levels of ultrasonic shears/electrosurgical pencil devices,
advanced bipolar devices, monopolar or bipolar radiofrequency nee-
dles, advanced bipolar and ultrasonic systems, and Cavitronic Ultra-

closely, being the primary choice in more than 25% of
centers. Additionally, less than 20% of centers predomi-
nantly utilized the THUNDERBEAT® (Olympus, Japan),
highlighting its dual energy capability combining ultra-
sonic and advanced bipolar energy. Statistical analysis
does reveal a significant variation in device preference
among centers (p =0.0947).

In the context of major hepatic surgery, the analysis
of device utilization across 86 centers reveals distinct
preferences. The CUSAs were the most employed devices
(38%), Harmonic® (Ethicon Endo-Surgery, USA) fol-
lowed closely (27%) being the primary choice in>25%
of centers, while LigaSure™ (Medtronic, USA) was pre-
ferred in about 25% of centers. Additionally, as reported in
minor L-MILS, the THUNDERBEAT® (Olympus, Japan)
was used in 20% of centers. Statistical analysis revealed a

@ Springer

sonic Surgical Aspirators. B, Minor versus major robotic resections:
Utilization levels of Robotic Maryland Bipolar, Da Vinci Vessel
sealer or SynchroSeal, robotic scissors, Harmonic ACE®, and combi-
nations of other laparoscopic devices

significant variation in device preference among centers
(p=0.007).

Although CUSAs use is more frequent in major hepatic
resections, no statistically significant difference in its prefer-
ence among centers was observed between major and minor
MILS.

For minor and major R-MILS, the Maryland bipolar for-
ceps is the most used instrument, adopted by more than 50%
of surgeons, followed by bipolar scissors and vessel sealer.
Additionally, 18 out of 86 (20.93%) centers employ a hybrid
approach, integrating a laparoscopic instrument to perform
a robotic resection to overcome the limited availability of
robotic devices. This hybrid approach underscores the adapt-
ability of surgeons in optimizing resources to perform com-
plex resections effectively. The choice for a hybrid technique
appears to be strongly linked to the dissatisfaction expressed
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by 35% of robotic respondent surgeons, who report limita-
tions with the currently available instrumentation.

Saline-Linked Devices, Water Jet Devices, Argon Beam
Coagulators and Precoagulation Devices exhibit the highest
non-use, indicating that these devices are rarely chosen for
minor and major parenchymal transections.

Parenchyma transection

The pie chart (Fig. 3) presents data on the techniques used
for robotic liver dissection in both minor and major resec-
tions. Clamp-crush technique (32%) and Layer-by-layer
Transection (32%) are the most employed pure robotic tech-
niques. Cavitation, using laparoscopic devices, is used in
31% of centers.

The adoption of staplers is about 10%, potentially
reserved for specific clinical scenarios or anatomical
considerations.

This distribution underscores the diversity in approaches
to robotic liver dissection and reflects the balance between
traditional and innovative techniques in this field.

Liver parenchyma texture

A survey assessed surgeons’ approaches to handling cirrhotic
liver parenchyma during transection. Among 86 centers,
31.4% reported modifying their techniques for cirrhotic livers:
CUSAs were the most used instruments (54.8%), followed by

@ Cavitaton @ Other

@ Layer-by-layer

Clamp-crushing

Fig.3 The dominance of traditional techniques: Clamp-crush tech-
nique and layer-by-layer transection constitute 60% of the reported
methods. The hybrid approaches, thanks to laparoscopic CUSA
devices, play a notable role, reflecting variability in surgical practices

bipolar devices (47.6%) and a combination of ultrasonic and
radiofrequency devices (42.9%).

Vascular control

In our survey, two questions aimed at understanding surgeons’
practices related to vascular control during liver surgery. The
first question investigated the routine preparation of inflow
vascular control before liver transection, whether for minor or
major surgeries. Out of 86 respondents, the majority (74.1%)
indicated a preparation of inflow vascular control. A smaller
proportion (21.2%) reported only in selected cases, while
4.7% of respondents declared “no-planning technique.”

The second question explored the Pringle maneuver use
or selected vascular control during liver resection. Among
86 respondents, an overwhelming majority (98.9%) con-
firmed performing the Pringle maneuver.

Hemostatic technique and topical sealants

Regarding hemostasis, the survey focused on vessel man-
agement and topical sealants. For major vascular and bil-
iary branches, the most popular (42/86, 48.8%) technique
across all centers was represented by the Polymer Ligation
Clip System (e.g., Hem-o-lok™ clips, Weck, USA) appli-
cation, followed by titanium clips (26/86, 30.2%) and knot-
type ligation (16/86, 18.6%). However, 1 (2.9%) of 35 MV
centers reported using radiofrequency for vessel hemostasis
control.

More than 90% of centers declared that applying topical
sealants to the liver surface: Fibrinogen-based sealant (e.g.,
Tachosil) was preferred in about 60% of centers, while 25%
of surgeons reported a collagen-based sealant application
(e.g., Tissucol). One center routinely applied oxidized regen-
erated cellulose (e.g., SURGICEL™ Absorbable Hemostat).

Intraoperative ultrasound and indocyanine green
fluorescence

All involved centers performed IntraOperative UltraSound
(IOUS), using laparoscopic or dedicated robotic probes to
schedule surgical liver resection.

There is no statistically significant difference in the selec-
tive use of ICG across surgical volumes. Nevertheless, HV
showed a higher percentage of routine application than MV
and LV (79.2 vs. 42.8 vs. 50%, respectively).

Discussion
This survey on minimally invasive surgery (laparoscopic and

robotic) reported and analyzed the diffusion and indications
in the use of TDs in liver surgery, focusing on their spread,
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availability, surgical confidences, and transection techniques
used according to minor and major hepatectomies. Further-
more, it also provided data on center volume techniques
and outcomes, identifying trends, challenges, and outcomes
associated with different surgical approaches and providing a
robust foundation for future clinical practice and consensus.

The most important challenge during minimally invasive
liver parenchyma transection is to obtain the same intra-
and post-operative outcomes of conventional open surgery,
in terms of minimum blood loss, adequate surgical margin
clearance for malignancy diseases, operative time, paren-
chyma sparing if requested, low postoperative bile leak.

To achieve these effective results, several dissection
devices have been developed during the last 20 years
(Table 1), as demonstrated in the successive consensus held
in Louisville, Morioka, and Southampton [30-32].

Among TDs most favored by surgeons are CUSA devices
[33], while decline in the utilization rate of the Habib device
has been observed. The laparoscopic Habib 4X is a bipolar
device which consists of an array of four electrodes. The
electrodes are made of stainless steel and covered with a
non-stick coating (Tomlinson Tube & Instrument Ltd., War-
wickshire, UK). The four needles are arranged in a 2 X2
array with the two pairs of needles connected and each pair
is connected to a single terminal of a bipolar radiofrequency
generator (Generator 1500x, RITA Medical Systems Inc.,
California, USA) [34].

The development of advanced dissection instruments
has progressively rendered hand-assisted laparoscopy out-
of-date, despite the advantages of maintaining a minimally
invasive approach while using the hand for improved retrac-
tion, facilitating optimal exposure, and enabling rapid con-
trol of significant bleeding when necessary [35].

The widespread of R-MILS has deeply change the mini-
mally invasive scenario, offering the chance to have a 3D
immersive vision, a 360° EndoWrist degree of movements,
and an excellent use of standard bipolar instruments. The
findings of the bibliometric analysis conducted in 2023 by
Zeng et al. highlight that the development of robotic sur-
gery in the hepatobiliary field remains a subject of ongoing
discourse [36]. Notably, between 2003 and 2022, a total of
685 studies were published in the literature. However, a sig-
nificant proportion—454 articles, accounting for more than
60%—were published within the last 5 years (2018-2022),
underscoring the recent surge in interest and advancements
in this area.

On the other side, the lack of standardized R-MILS, and
the absence of dedicated robotic TDs (particularly CUSAs)
represents a challenge for HPB surgeons, encouraging the
adoption of several techniques included the hybrid technique
“Robo-Lap approach” integrates the use of the robotic plat-
form—specifically robotic bipolar forceps for coagulation
and scissors—with a laparoscopic dissector operated directly
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by the surgeon at the bedside [37]. Indeed, the “two-surgeon
technique” involves the presence of two experienced HPB
surgeons in the operating room. In this approach, the pri-
mary surgeon performs the parenchymal transection using
the robotic platform, while the second surgeon assists at the
operating table using laparoscopic instruments. In contrast,
the “one-surgeon technique” is defined by a single HPB sur-
geon operating from the robotic console, performing a pure
robotic procedure, while a general surgeon assists with tissue
exposure, suction, and irrigation.

To overcome the R-MILS limitations, several techniques
were described in literature.

At the beginning of parenchyma transection, the liver
capsule is usually divided thanks to monopolar energy to
demarcate the planned transection line, following verifica-
tion of navigation tools within the console, such as IOUS,
ICG dye staining, or consultation of a 3D model [38].

Subsequently, one of the commonly used techniques for
parenchyma transection is represented by “microfracture-
coagulation method” also known as the “clamp-crush tech-
nique,” simulating the open kellyclasia [38, 39]. This “cold
dissection” approach primarily involves the simultaneous
use of EndoWrist bipolar Maryland forceps and EndoWrist
monopolar curved scissors [38]. The technique is facilitated
by the assistant using an irrigator through a trocar to keep
the tip of the bipolar instrument moist [38]. The outcome
of mechanical hepatocyte fragmentation allows the identi-
fication of biliary and vascular elements: Structures with a
diameter of <5 mm can typically be coagulated with bipolar
energy, while larger structures generally require the applica-
tion of clips, such as titanium or Hem-o-lok. Larger hepatic
veins are typically managed with a laparoscopic or robotic
vascular stapler [38].

Kajiwara et al. described a variant to “clamp-crush tech-
nique” adding a saline-linked bipolar [40]. A continuous
drip of saline solution (1-2 ml/min) is applied to the tips
of the bipolar forceps by the assistant surgeon using a ball-
tipped electrocautery device. This prevents the buildup of
necrotic or coagulated liver tissue, eliminating the need for
cleaning the forceps due to eschar or char formation. Ensur-
ing proper moisture levels minimizes procedural interrup-
tions and reduces the frequency of breaks during hepatic
transection. Authors defined this method as “non-stick liver
parenchymal transection.”

Birgin et al. introduced an alternative fully robotic tech-
nique referred to as the “scissors hepatectomy technique”
[41]. This method achieves liver parenchymal transection
exclusively through the combined use of monopolar scissors
and bipolar forceps. Notably, the approach eliminates reli-
ance on traditional energy-based devices, instead emphasiz-
ing precise mechanical dissection and coagulation provided
by these instruments.
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Another robotic technique is the “onion veil (layer by
layer) technique” generally using the robotic harmonic scal-
pel (not articulated instrument) [42], while the “burn and
push technique” reckon on liver parenchyma coagulation and
then separated by a gentle lateral push using the Monopolar
curved scissors. Vessel or Glissonean pedicle are instead
managed by the clamp-crush technique with the Maryland
bipolar forceps [43].

Among the described techniques in the literature, the
following should also be highlighted. The silicone band
or others slings techniques are usually used during L- and
R-MILS transection for tractions, hanging or separation
of liver parenchyma [44]. Saline-Linked Electrocautery
Combined With Wet Oxidized Cellulose (SLiC-WOC)
approach combines two different hemostatic techniques
achieving an efficient and reliable hemostasis [45].

Single Incision Laparoscopic or Robotic Surgery
approaches represent the latest evolutions in minimal inva-
sive surgery and has been increasingly utilized in abdomi-
nal surgery. The evidence on its use in liver and pancreatic
resectional surgery is scarce and limited to published case
reports and small case series [46].

We also analyzed the use of near infrared fluorescence
imaging with ICG in MILS. The technique may be used
for tumor identification with a previous dye injection of at
least 24 h (2.5 mg of ICG injected intravenously), tumor
margins identification (to achieve negative RO margin of
resection), or used as guide for anatomical liver resections
by a demarcation line after portal branch clamping (for
anatomical resections) [14]. Its use in laparoscopy and
robotic was investigated in our survey. We have to con-
sider that this technology is not always present in every
operating room and only recently adopted in the new lapa-
roscopic equipment. In robotic surgery a simple switch to
ICG vision allow the negative and positive parenchyma
staining view [47]. Associated to intraoperative ultrasound
may represent the best way to manage liver tumor [48].

Cost analysis and cost-effectiveness related to the utili-
zation of the various devices examined were not the focus
of this study. Nevertheless, Knitter et al. performed an
extensive cost analysis of L- vs. R-MILS of patients who
experienced major hepatectomies for benign and malign
liver tumors in Germany [49]. The authors concluded that
median daily and total costs were comparable between
robotic and laparoscopic surgery (16648 € vs. 14578 €).
It could be noted that about 50% of R-MILS costs were
caused by intraoperative costs (7,592 €). Therefore, the
systematic review and network meta-analysis by Koh et al.
evaluated 45 studies analyzing costs-morbidity, costs-mor-
tality, and costs-efficacy of open, laparoscopic and robotic
liver surgery [50]. In summary, the analysis indicates
that L-MILS is a cost-effective option for hepatectomy,

associated with improved postoperative morbidity and
mortality, as well as shorter hospital stays.

Furthermore, the limited availability of robotic plat-
forms—often restricted to less than 24 h a day and 7 days a
week in most centers—may represent a potential bias influ-
encing both the indications for and the actual utilization of
robotic systems. This constraint could inherently limit the
applicability of findings to clinical settings with unrestricted
access, thereby impacting the generalizability of the results.

Our survey indicates a growing preference for robotic
approaches in complex liver surgeries, but laparoscopic
surgery remains still widely adopted. Interestingly, CUSA
use was more frequent in major hepatic resections, yet there
was no statistically significant difference between major and
minor procedures regarding its preference. This suggests that
centers rely on CUSA irrespective of case complexity, valu-
ing its precision and efficacy in liver transection, especially
expressed by HPB dedicated surgeons. On the other hand,
very well-trained robotic surgeons may face liver resections
only using advanced bipolar scissors. It is clear that there
is still a clear gap in robotic instrumentation, necessitating
hybrid techniques. These findings reflect a blend of tradi-
tional and robotic approaches, showcasing the incomplete
transition to fully robotic liver resection techniques.

Other aspects that should be underline are the chal-
lenges of transecting liver tissue, where CUSA’s precision
is favored over other devices.

Furthermore, we highlight a strong reliance on topical
agents for achieving hemostasis in liver surgery. These find-
ings reinforce the need for better robotic instrumentation and
wider adoption of minimally invasive techniques to optimize
liver surgery outcomes and diffusion.

Limitations

The outcomes of this survey should be interpreted in the
light of several limitations. First, this survey undoubtedly
contains a degree of selection bias toward centers perform-
ing MILS since all participants performed MILS. Second,
the total number of surgeons who received this survey was a
partial percentage of all, and any high-volume centers didn’t
participate. Furthermore, current study cut-off value to cat-
egorize a center as lower- or higher-volume center was > 50
liver resections per year based on descriptive data without
asking responding surgeons whether they would consider
their liver surgery practice low- or high-volume. This cut-
off may be controversial since there is limited previously
published data regarding the optimal cut-off to define a high-
volume center.

Furthermore, our study does not explore the costs asso-
ciated with the devices used in hepatic surgery: The cost
analysis cannot be effectively conducted due to the hetero-
geneity of the healthcare systems referenced in this study.
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This challenge arises both from the international scope of
the survey and the federal nature of the Italian healthcare
system, where procedural costs vary significantly across dif-
ferent regions.

Another key factor influencing costs is the volume of
procedures performed, and the various commercial agree-
ments established with medical device companies. While it
is evident that the use of laparoscopic devices in robotic sur-
gery increases overall costs, fully laparoscopic procedures
remain more economically favorable compared to robotic
approaches. However, this cost paradigm may soon shift
with the introduction of new robotic devices and surgical
robotic platforms, potentially altering the economic land-
scape of minimally invasive liver surgery.

Another limitation is the lack of outcomes analysis in
reconstructive hepatic surgery employing robotic or lapa-
roscopic instruments, which will be addressed in a future
study.

Conclusion

Minimally invasive management of liver parenchymal tran-
section represents one of the main aspects of this surgery.
MILS seems well implemented with laparoscopy still being
the most common approach. CUSA devices represent the
most effective device in major hepatectomies, while ultra-
sonic shears and electrosurgical pencil and advanced bipolar
devices in minor resections. Despite those evidence, there
are still very well-trained robotic surgeons that approach
major hepatectomies only using advanced bipolar and
robotic devices.

R-MILS overcome several limitations of laparoscopic
instruments thanks to 3D vision, a 360° EndoWrist degree
of movements, and effectiveness in vascular and biliary
reconstructions. Nevertheless, R-MILS allows good results
during liver transection with the clamp-crush technique or
hybrid approaches.

Although robotic costs should be further assessed, the
development of dedicated robotic TDs will lead to an
increase in the adoption of R-MILS.
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