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ABSTRACT
Minimally invasive (MIS) liver surgery has grown tre-
mendously in the past two decades and today represents
a major weapon in the fight against primary and meta-
static neoplasms of the liver. This review catered towards
the modern evolution of MIS hepatectomy techniques in
addition to the role of robotic surgery in this field. The ar-
ticle also addresses the utility of advanced intra-operative
techniques in hepatic parenchymal transection ranging
from the Glissonian pedicle approach to the use of indo-
cyanine green (ICG) guided near-infrared fluorescence in
non-anatomic resections. In addition, we briefly discuss
ablation techniques utilized for liver cancer, including
microwave ablation and the novel histotripsy ablation.
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INTRODUCTION

In current times, surgical resection is still considered the
gold standard treatment for patients with resectable liver
malignancies. Liver surgery has dramatically evolved in
recent decades, improving its safety profile with peri-opera-
tive mortality rates below 2% for most MIS hepatectomies.!
Successful oncologic outcomes in liver surgery are reliant
on obtaining a RO resection margin with preservation of
healthy liver parenchyma.

Surgery remains the mainstay of treatment in patients
with primary hepatic neoplasms such as hepatocellular car-
cinoma (HCC) and intra-hepatic cholangiocarcinoma (ICC).2
The use of MIS approach to hepatectomy for HCC has
shown promise worldwide, with up to 30% of HCC resec-
tions estimated to be minimally invasive.® The majority of
patients with HCC also harbor chronic liver disease (CLD).
The presence of CLD and liver cirrhosis pose substantial
challenges such as increased hemorrhagic complications
and higher rates of post-hepatectomy liver failure (PHLF).
Therefore, locoregional tumor ablative treatments such as
microwave ablation (MWA), trans-arterial chemoemboliza-
tion (TACE) and Yttrium-90 (Y-90) radio-embolization have
gained substantial traction. In addition, liver transplant
remains a viable option for some patients with HCC who
meet the criteria.
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Colorectal cancer liver metastasis (CRLM) is the most
common indication for MIS hepatectomy in the United
States; about a quarter of laparoscopic liver resection (LLR)
for malignancy is performed for CRLM.* Liver resection (LR)
for CRLM in selected patients offers excellent oncologic
outcomes, with a five-year overall survival rate of 40-50%.°

In the modern era, robotic surgery has allowed for expan-
sion of MIS approach to liver surgery. The technological
advantages offered by the robotic platform, such as multi-ar-
ticulated instruments, increased dexterity along with the
3D visualization, has allowed surgeons to tackle more com-
plex resections via MIS approach.

Parenchymal transection techniques have also evolved
with a drive towards parenchyma preservation. The past
decade has seen a substantial increase in non-anatomic
parenchyma-sparing resections with an expected decrease
in the rate of extended hepatectomies. Owing to this para-
digm shift in the surgical management of liver metastases,
techniques such as ICG-guided resections and Glissonian
pedicle guided segmentectomies have emerged as attractive
approaches to tackle non-anatomic and anatomic resections.

LAPAROSCOPIC LIVER RESECTION

Similar to minimally invasive surgery in other fields, LLR
for hepatic pathology has been increasingly utilized over
the last several decades with promising results in the lit-
erature. Two international consensus conferences and sev-
eral retrospective studies supported that LLR is equivalent
to open approach for both minor and major hepatic resec-
tions in terms of oncological outcomes, but is associated
with less blood loss, decreased postoperative morbidity and
a shorter hospital stay.® A randomized control study, con-
ducted to evaluate Enhanced recovery after surgery (ERAS)
in LLR verified these advantages. For example, the median
postoperative hospital stay was 6.2 (+2.6) days in the ERAS
group, compared to 9.9 (£5.9) days in the control group
(p-value<0.01). The morbidity rate was 22.5% (18 of 80
patients) in the ERAS group and 43.9% (47 of 107 patients) in
the control group (P = 0.002).” While MIS approach has been
shown to be safe and effective relative to open surgery, sur-
geon comfort remains an important factor in the use of LLR.
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ROBOTIC HEPATECTOMY

Robotic surgery has the potential to overcome some of the
limitations of laparoscopy. The stability of the robotic plat-
form, combined with the 3D, magnified high-definition
vision, increased degrees of freedom of the instruments and
tremor filtering provide higher dexterity to the surgeon and
allow for the same movements of open surgery. Further-
more, the robotic platform allows for easier integration of
technologies, such as near-infrared fluorescence for vascular
and biliary identification and 3D ultrasound instruments
with integrated probes for section margin assessment. In
2014, Tsung et al performed a matched series comparison of
surgical and postsurgical outcomes between robotic (n=57),
laparoscopic (n=114), and open hepatic resections (n=21). A
statistically significant difference was seen when comparing
the EBL of robotic versus open surgery, as well as in the hos-
pital length of stay.® With continued technological advances
and improved access to robotic consoles, the role of robotic
hepatectomies should continue to develop over time.

GLISSONIAN PEDICLED APPROACHES

In recent years, parenchymal-sparing liver resections have
become the cornerstone approach to preserve residual liver
volume, decrease postoperative liver failure, and enhance
the possibility of repeated liver resection rates.” Small ana-
tomical resections using ICG and Glissonian approaches are
techniques employed to achieve a successful parenchymal-
sparing liver resection.

The Glisson’s capsule wraps the hepatic artery, the por-
tal vein and the bile duct in the liver and forms bundles at
the hepatic hilus and in the liver as the Glissonian pedicle
tree (Figure 1). The capsule does not connect to the proper
membrane of the liver. Therefore, the Glissonian pedicles
can be detached from the liver parenchyma without liver
dissection. When the Glissonian pedicles are ligated before
liver transection, various types of anatomical hepatectomy
can be carried out.

Intraoperative bleeding is a predictor of postoperative
outcomes following liver surgery; therefore, it is crucial to
have vascular control during liver resection. In addition,
preservation of future liver remnant is critical in prevent-
ing post-hepatectomy liver failure as one of the main causes
of postoperative morbidity and mortality. The Glissonian
approach to liver resection offers an effective method for
vascular inflow control while protecting future liver rem-
nant from ischemia-reperfusion injury. With increasing
popularity of minimally invasive surgery, laparoscopic
liver resection via Glissonian approach has been shown to
be superior to standard laparoscopic hepatectomy.!! In the
intrahepatic Glissonian approach small incisions on well-de-
fined anatomical landmarks are performed to approach the
pedicles of both right and left liver, making dissection of the
hilar plate unnecessary. Intrahepatic access to Glissonian
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Figure 1. Glissonian Pedicle

pedicles complements laparoscopy, since it avoids unnec-
essary extensive dissection along the hepatic hilum during
laparoscopic procedures, which are technically complex and
potentially time-consuming with high morbidity. 1>

MINIMALLY INVASIVE MAJOR HEPATECTOMY
Major hepatectomy is a complex procedure that requires
advanced surgical knowledge and skills. Although mini-
mally invasive resections of the liver have been performed
more frequently in recent years, major resections are still a
minority of those cases. Current data on these numbers is
somewhat sparse, but one report described that out of 149
robotic liver cases studied, 47% of them counted as major
resections.'® The largest series of robotic hepatectomy was
reported by Giulianotti et al in 2011 with a total of 70 hepatic
resections, of which 27 were major hepatectomies.!* Spam-
pinato et al performed a retrospective study comparing the
perioperative outcomes of robot-assisted major hepatectomy
and laparoscopic major hepatectomy in four Italian centers.
A total of 50 major hepatectomies were considered, includ-
ing 25 robotic and 25 laparoscopic resections. The mean
robotic operative time was 430 minutes with a median EBL
of 250 mL, comparable to laparoscopy.'®

INDOCYANINE GREEN (ICG) AND
INTRA-OPERATIVE ULTRASOUND (IOUS)

Due to the intricate anatomy and 3D contouring of the liver
segments, non-anatomic parenchymal sparing resections can
be technically challenging. Use of adjuncts such as intra-op-
erative ultrasound (IOUS) and ICG fluorescence can help
with adequate mapping of tumors in relation to vasculo-bili-
ary pedicles. The use of intraoperative ICG fluorescence has
been proven to be a high potential navigation tool during
liver surgery. The variability of ICG accumulation within
tumors as opposed to the background hepatic parenchyma
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Figure 2. Indocyanine Green (ICG)

allows for precise anatomic
delineation of lesions for safe
liver resection [Figure 2|. Stud-
ies have reported higher detec-
tion rates of primary lesions
and additional metastases after
intravenous administration of
ICG.'* Handgraaf et al reported
better survival after ICG-ori-
ented liver resections due to the
resection of additional nodules,
which had been missed by con-
ventional imaging.!” Marino et
al compared robot-assisted liver
resections with and without
additional ICG application and
reported significantly higher RO
resection rates after ICG appli-
cation."® However, since the
plasma clearance of ICG is pri-
marily dependent on hepatocyte
function, the sensitivity of ICG-
guided tumor detection is somewhat limited in patients suf-
fering from advanced liver cirrhosis. Although early data is
promising, further studies are needed to determine the true
benefit and potential pitfalls of ICG guided hepatectomies
including its use among patients with cirrhosis.

Intra-operative liver ultrasound can also provide an addi-
tionally useful adjunct in mapping of tumors in relation to
inflow pedicles and outflow veins. Assessment of such anat-
omy can prove critical in surgical planning especially in the
context of non-anatomic resections. With the newer robotic
platforms, IOUS can be used with a flexible cord allowing
it to be used with high accuracy even in difficult to visual-
ize portions such as the posterior and superior segments of
the liver. Figure 3 shows an intra-operative picture of IOUS
being used during a hepatectomy procedure.

MICROWAVE/THERMAL ABLATION
Resection is the standard of care for patients with resect-
able primary and secondary liver cancers. However, large
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number of patients who are diagnosed
with primary and secondary liver cancers
are not eligible for resection or transplan-
tation due to inadequate functional liver
function, and multifocal or advanced dis-
ease. As a result, microwave (MVA) and
radiofrequency thermal ablations (RFA)
are increasingly utilized. Both RFA/MWA
induce tumor cell death through frictional
heating resulting in protein denaturation
and coagulation necrosis. MWA generates
heat at a faster rate, creates larger ablation
zones, and have reduced heat-sink effect
compared to RFA leading to more utili-
zation when tumors are nearby vascular
structures."

HISTOTRIPSY ABLATION

Histotripsy is a novel non-invasive tech-
nique recently FDA-approved to treat liver
cancers. It utilizes focused ultrasound to
ablate targeted regions of tissues into acel-
lular debris. The first human clinical trial
of histotripsy for liver cancers, named the
THERESA Study (NCT03741088), resulted
in the establishment of histotripsy’s effi-
cacy in destroying targeted tissue without
harmful device-related effects.?® Studies
further suggests that local tumor ablation
by histotripsy induces systemic immu-
nomodulation, contributing to enhanced
anti-tumor responses that can synergis-
tically work with immunotherapy. Con-
sidering that this combinatorial approach
with histotripsy potentially leads to better
prognosis for cancer patients, it will be pivotal to translate
these findings into clinical use to effectively optimize the
potency of immunotherapy.?!

CONCLUSION

Liver resection continues to be the gold standard treatment
for patients with liver malignancies. such as hepatocellu-
lar carcinoma (primary liver cancers) and colorectal liver
metastasis (secondary liver cancers). Minimally invasive
liver surgery is increasingly used over open approach with
data showing reduced postoperative morbidity/complica-
tions and length of stay. Current technological advances
such as robotic platform have facilitated this trend by mak-
ing liver MIS safer and more precise. By understanding avail-
able treatment options and cultivating a patient centered
approach to treatment planning, we can continue to improve
the treatment of patients with primary and secondary
liver malignancies.

JULY 2025 RHODE ISLAND MEDICAL JOURNAL 22


http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org

References

1.

10.

11.

12.

13.

14.

Ban D, Tanabe M, Kumamaru H, Nitta H, Otsuka Y, Miyata H,
Kakeji Y, Kitagawa Y, Kaneko H, Wakabayashi G, Yamaue H,
Yamamoto M. Safe Dissemination of Laparoscopic Liver Resec-
tion in 27,146 Cases Between 2011 and 2017 From the National
Clinical Database of Japan. Ann Surg. 2021 Dec 1;274(6):1043-
1050. doi: 10.1097/SLA.0000000000003799. PMID: 32209896.

Morise Z. Current status of minimally invasive liver surgery
for cancers. World J Gastroenterol. 2022 Nov 21;28(43):6090-
6098. doi: 10.3748/wjg.v28.i43.6090. PMID: 36483154; PMCID:
PMC9724486.

Xourafas D, Pawlik TM, Cloyd JM. Early Morbidity and Mor-
tality after Minimally Invasive Liver Resection for Hepatocel-
lular Carcinoma: a Propensity-Score Matched Comparison with
Open Resection. | Gastrointest Surg. 2019 Jul;23(7):1435-1442..
doi: 10.1007/s11605-018-4016-2. Epub 2018 Oct 30. PMID:
30377911.

Cherqui D. Evolution of laparoscopic liver resection. Br J Surg.
2016 Oct;103(11):1405-7. doi: 10.1002/bjs.10252. Epub 2016 Jul
27. PMID: 27464356.

Newhook TE, Vauthey JN. Colorectal liver metastases: state-of-
the-art management and surgical approaches. Langenbecks Arch
Surg. 2022;407:1765-1778. doi: 10.1007/s00423-022-02496-7.
Jia C, Li H, Wen N, Chen J, Wei Y, Li B. Laparoscopic liver re-
section: a review of current indications and surgical techniques.
Hepatobiliary Surg Nutr. 2018 Aug;7(4):277-288. doi: 10.21037/
hbsn.2018.03.01. PMID: 30221155; PMCID: PMC6131258.
Liang X, Ying H, Wang H, Xu H, Yu H, Cai L, Wang Y, Tong Y,
Ji L, Luo R, Cai XJ. Enhanced Recovery Program Versus Tradi-
tional Care in Laparoscopic Hepatectomy. Medicine (Baltimore).
2016 Feb;95(8):¢2835. doi: 10.1097/MD.0000000000002835.
PMID: 26937913; PMCID: PMC4779010.

Giulianotti PC, Bianco FM, Daskalaki D, Gonzalez-Ciccarel-
li LF, Kim J, Benedetti E. Robotic liver surgery: technical as-
pects and review of the literature. Hepatobiliary Surg Nutr.
2016 Aug;5(4):311-21. doi: 10.21037/hbsn.2015.10.05. PMID:
27500143; PMCID: PMC4960413.

Okumura S, Tabchouri N, Leung U, Tinguely P, Louvet C,
Beaussier M, Gayet B, Fuks D. Laparoscopic parenchymal-spar-
ing hepatectomy for multiple colorectal liver metastases im-
proves outcomes and salvageability: A propensity score-matched
analysis. Ann. Surg. Oncol. 2019;26:4576-4586. doi: 10.1245/
$10434-019-07902-x.

Yamamoto M, Ariizumi SI. Glissonean pedicle approach in liver
surgery. Ann Gastroenterol Surg. 2018 Feb 13;2(2):124-128. doi:
10.1002/ags3.12062. PMID: 29863152; PMCID: PMC5881351.

Moris D, Rahnemai-Azar AA, Tsilimigras DI, Ntanasis-Statho-
poulos I, Marques HP, Spartalis E, Felekouras E, Pawlik TM. Up-
dates and Critical Insights on Glissonian Approach in Liver Sur-
gery. ] Gastrointest Surg. 2018 Jan;22(1):154-163. doi: 10.1007/
$11605-017-3613-9. Epub 2017 Nov 3. PMID: 29101722.

Surjan RC, Makdissi FF, Machado MA. Anatomical basis for
the intrahepatic glissonian approach during hepatectomies. Arq
Bras Cir Dig. 2015 Apr-Jun;28(2):128-31. doi: 10.1590/S0102-
67202015000200011. PMID: 26176251; PMCID: PMC4737336.

Qiu J, Chen S, Chengyou D. A systematic review of robotic-as-
sisted liver resection and meta-analysis of robotic versus laparo-
scopic hepatectomy for hepatic neoplasms. Surg Endosc. 2016
Mar;30(3):862-75. doi: 10.1007/s00464-015-4306-7. Epub 2015
Jun 20. PMID: 26092026.

Giulianotti PC, Coratti A, Sbrana F, Addeo P, Bianco FM, Buchs
NC, Annechiarico M, Benedetti E. Robotic liver surgery: results
for 70 resections. Surgery. 2011 Jan;149(1):29-39. doi: 10.1016/j.
surg.2010.04.002. Epub 2010 Jun 8. PMID: 20570305.

15.

16.

17.

18.

19.

20.

21.

UPDATES IN SURGICAL ONCOLOGY

Spampinato MG, Coratti A, Bianco L, Caniglia F, Laurenzi A,
Puleo F, Ettorre GM, Boggi U. Perioperative outcomes of lap-
aroscopic and robot-assisted major hepatectomies: an Italian
multi-institutional comparative study. Surg Endosc. 2014
Oct;28(10):2973-9. doi: 10.1007/s00464-014-3560-4. Epub 2014
May 23. PMID: 24853851.

Nishino H, Seo S, Hatano E, Nitta T, Morino K, Toda R, Fuku-
mitsu K, Ishii T, Taura K, Uemoto S. What is a precise anatomic
resection of the liver? Proposal of a new evaluation method in
the era of fluorescence navigation surgery. ] Hepatobiliary Pan-
creat Sci. 2021 Jun;28(6):479-488. doi: 10.1002/jhbp.824. Epub
2020 Oct 4. PMID: 32896953.

Handgraaf HJM, Boogerd LSF, Hoppener DJ, Peloso A, Sibinga
Mulder BG, Hoogstins CES, Hartgrink HH, van de Velde CJH,
Mieog JSD, Swijnenburg RJ, Putter H, Maestri M, Braat AE, Fr-
angioni JV, Vahrmeijer AL. Long-term follow-up after near-infra-
red fluorescence-guided resection of colorectal liver metastases:
A retrospective multicenter analysis. Eur J Surg Oncol. 2017
Aug;43(8):1463-1471. doi: 10.1016/j.¢js0.2017.04.016. Epub 2017
May 6. PMID: 28528189; PMCID: PM(C5534212.

Marino MV, Di Saverio S, Podda M, Gomez Ruiz M, Gomez
Fleitas M. The Application of Indocyanine Green Fluorescence
Imaging During Robotic Liver Resection: A Case-Matched
Study. World J Surg. 2019 Oct;43(10):2595-2606. doi: 10.1007/
s00268-019-05055-2. PMID: 31222642.

Meloni MF, Chiang J, Laeseke PE, Dietrich CF, Sannino A, Sol-
biati M, Nocerino E, Brace CL, Lee FT Jr. Microwave ablation
in primary and secondary liver tumours: technical and clini-
cal approaches. Int | Hyperthermia. 2017 Feb;33(1):15-24. doi:
10.1080/02656736.2016.1209694. Epub 2016 Aug 2. PMID:
27416729; PMCID: PM(C5235993.

Vidal-Jove J, Serres X, Vlaisavljevich E, Cannata J, Duryea A,
Miller R, Merino X, Velat M, Kam Y, Bolduan R, Amaral J, Hall
T, Xu Z, Lee FT Jr, Ziemlewicz TJ. First-in-man histotripsy
of hepatic tumors: the THERESA trial, a feasibility study.
IntJHyperthermia.2022;39(1):1115-1123.d0i:10.1080/02656736.
2022.2112309. PMID: 36002243.

Mendiratta-Lala M, Wiggermann P, Pech M, Serres-Créixams X,
White SB, Davis C, Ahmed O, Parikh ND, Planert M, Thormann
M, Xu Z, Collins Z, Narayanan G, Torzilli G, Cho C, Littler P,
Wah TM, Solbiati L, Ziemlewicz TJ. The #HHOPE4LIVER Sin-
gle-Arm Pivotal Trial for Histotripsy of Primary and Metastatic
Liver Tumors. Radiology. 2024 Sep;312(3):€233051. doi: 10.1148/
radiol.233051. PMID: 39225612; PMCID: PMC11427859.

Authors

MunyaH. Talukder, MD, St. Elizabeth Medical Center, Brighton, MA.
Jenna Wilson, DO, St. Elizabeth Medical Center, Brighton, MA.
Andrew B. Crocker, MD, St. Elizabeth Medical Center, Brighton, MA.
Ali Ahmad, MD, FACS, University of Kansas School of Medicine,

Wichita, KS.

Ponnandai Somasundar, MD, MPH, FACS, Boston University;

Roger Williams Medical Center, Providence, RIL.

Disclosures

None

Correspondence
Ponnandai Somasundar, MD
psomasun@bu.edu

7977 20850

JULY 2025 RHODE ISLAND MEDICAL JOURNAL 23


mailto:psomasun@bu.edu
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org

	COVER
	CONTENTS-Theme
	CONTENTS–Contributions
	CONTENTS–Features, News
	SURG-ONC–Kwon
	SURG-ONC–Crocker
	SURG-ONC–Wilson
	SURG-ONC–Talukder
	SURG-ONC–Wilson
	SURG-ONC–Li
	SURG-ONC–Lighfoot
	IMAGES–Iurillo
	STUDY–Reiad
	STUDY–Pacheco
	HEALTH-Mello
	HEALTH–Vital Statistics
	NEWS
	PEOPLE/PLACES
	OBITUARIES

