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Introduction: Laparoscopic liver resection is taking stride in slowly replacing open surgeries for various hepatic pathologies in many
developed countries. However, due to high cost and lack of expertise, there are only a handful of centres in the low-medium income
countries who perform advanced laparoscopic liver resections regularly. In this study, a prospective analysis was carried out to
assess and report the outcomes of laparoscopic anatomical segmentectomy (LAS) from a single centre in Nepal.
Methods: The clinical data of all patients who underwent LAS between 1 October 2021 to 30 September 2022 were prospectively
recorded. Demographics, pathological diagnoses, types of resections performed, perioperative parameters, postoperative length of
stay, postoperative complications data and IWATE score were collected and analyzed. All operations were performed using the
extrahepatic Glissonean technique with the use of indocyanine green dye as an adjunct during the intraoperative period.
Results: In the study period, a total of 16 LAS were performed in our centre for various indications. The mean age of the patients in
the series was 41.6 years, and seven of 16 patients were male. The majority of the cases were segment 2/3 resection indicated for
various pathologies and segment 4b/5 indicated for carcinoma gallbladder. The median hospital stay was 6 days and only two cases
developed major complication. There were no mortalities in our series.
Conclusions: Taking into account the results produced from a single centre in a low-medium income country, laparoscopic
anatomical segmentectomy is technically feasible with an acceptable safety profile.
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Introduction

Laparoscopic surgery has rapidly progressed and expanded
worldwide since the 1980s, becoming the standard treatment
approach for several indications across many surgical spe-
cialties. However, over the years, due to various technical
issues, minimally invasive surgery for liver pathologies has
been less frequently performed than minimally invasive sur-
geries for other gastrointestinal pathologies[1]. Moreover, in
Nepal, due to limited access to advanced laparoscopic
instruments and a lack of expertise, laparoscopic liver

resections are performed in limited numbers in only a few
centres, including ours. With the acquirement of advanced
laparoscopic instruments and training in advanced laparo-
scopic liver surgery, laparoscopic anatomical segmentectomy
(LAS) is now frequently performed in our centre for various
indications. The advantages of LAS include reduced intrao-
perative blood loss, decreased need for postoperative analge-
sia, faster functional recovery, shorter postoperative hospital
stay, decreased risk of wound infections, better cosmetic
outcome and lower chance of incisional hernia[2].
Nonetheless, LAS remains challenging as it requires the sur-
geon to be well-versed in the detailed anatomy of the liver and
proficient with advanced laparoscopic skills[3]. This study
aims to present the early experience of laparoscopic

HIGHLIGHTS

• The intraoperative localization of tumours and the demar-
cation of liver segments to identify the transection line are
both possible using indocyanine green (ICG) with the near-
infra-red light.

• The literature is slowly beginning to address these benefits
of using ICG in laparoscopic liver resection.

• Laparoscopic anatomical segmentectomy is safe and tech-
nically feasible.

• Excellent postoperative results can be achievedwith the use
of ICG and adequate training in liver anatomy.
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anatomical segmentectomy at our institution in a lower-mid-
dle-income country.

Methods

This study is a hospital-based prospective observational study
conducted in the capital of Nepal, from 1 October 2021 to 30
September 2022. Written consent was obtained from all the
participants, and confidentiality of information was maintained
throughout the study. Ethical clearance for the study was
obtained from the institutional review board, and the study was
conducted abiding by the declaration of Helsinki. The same team
of experienced hepato-biliary surgeons performed all liver
resections. The work has been reported in line with the STROCSS
criteria[4].

Patient selection

All patients with an indication for LAS between 1 October 2021,
and 30 September 2022, were included in the study. The surgical
indication was established before the surgery by the consultant
surgeon. Patients were excluded from the study when they did not
undergo the resection due to any reason or when the laparoscopic
procedure was converted to an open. The enhanced recovery after
surgery protocol[5] was employed in all patients.

Variables

The outcomes of the laparoscopic liver resection are categorized
according to the IWATE difficulty criteria[6]. The 12 difficulty
levels of resection are divided into four categories as low (0–3),
intermediate (4–6), advanced (7–9) and expert-level difficulty
(10–12). The total score was the sum of six difficulty indices,
including (1) tumour location (score, 1–5); (2) extent of hepatic
resection (score, 0–4); (3) tumour size (score, 0 or 1); (4) proximity
to a major vessel (score, 0 or 1); (5) liver function (score, 0 or 1)
and (6) HALS/hybrid (score, 0 or −1). Postoperative complica-
tions were recorded and described according to the Clavien–Dindo
classification[7].

Surgical technique

All laparoscopic resections were performed under carbon dioxide
pneumoperitoneum maintained at an intra-abdominal pressure
between 12 and 16 mmHg. The camera port was created at
the rightmidclavicular line, and four to five instrument ports were
utilized as required. The patients were positioned in a 30° reverse-
Trendelenburg position during resection. After isolating and
clamping the pedicle of the segment to be resected, indocyanine
green (ICG) dye at a dose of 0.5 mg/kg was administered intra-
venously to delineate the hepatic segment. A harmonic scalpel©
and bipolar device were used for parenchymal transection, and all
segmentectomies and sectionectomies were performed via the
extra-glissonian approach[8]. The hepatic vein was divided using
a vascular stapler when required. An endo-bag (locally made
using sterile gloves) was used to extract the surgical specimen,
either through a suprapubic horizontal Pfannenstiel incision or an
extended umbilical port. All ports larger than 5 mm were closed
using 1-0 polyglactin 910 suture.

Statistical analysis

Descriptive statistics are presented as the mean or median for a
continuous variable, and categorical variables are presented as
frequency. All the statistical analyses were performed using SPSS
21 (Version 21.0. IBM Corp.).

Results

From 1 October 2021 to 30 September 2022, 16 laparoscopic
anatomical segmentectomies were performed for various indica-
tions. The mean age of the patients in the series was 41.6 years,
and seven of 16 patients were male. All patients were Child-Pugh
grade A except one patient with Hepatocellular carcinoma in the
background of hepatitis B who was Child-Pugh grade B. The
types of resection performedwere classified according to Brisbane
terminology[9]. The anatomic liver resection was standardized
using the extrahepatic Glissonean pedicle isolation, as described
by Sugioka A et al.[10] The type of resection, the indication of
surgery, and the number of patients is shown in Table 1.

The difficulty of laparoscopic liver resection in our series based
on IWATE criteria and its correlation with the liver segment
resected is shown in Table 2. Segment 2/3 was noted to have the
lowest difficulty score, whereas segment 7 resection had the
highest difficulty score in our series.

The median postoperative hospital stay was 6 days and ranged
from 4 to 11 days. Fourteen patients developed Clavien–Dindo
grade 1 and 2 complications, and two had grade 3 and 4 com-
plications. The two patients with grade 3 and 4 complications
had undergone right posterior sectionectomy and segment 7
resection. There were no mortalities in our series ( Table 3).
Perioperative images have been shown in Figures 1-4.

Discussion

In our series, we performed 16 laparoscopic anatomical segmen-
tectomies or sectionectomies over 1 year with an acceptable out-
come. Patient safety was prioritized with a low threshold for
conversion to open surgery, especially when encountering difficult
dissection or uncontrolled bleeding. The most commonly per-
formed resection was a left lateral sectionectomy (segments 2/3)
with the lowest IWATE difficulty score. Laparoscopic left lateral
segmentectomy is technically less challenging than the resection of
other segments, and its safety and feasibility have been well
established[11]. Four out of 16 LAS were performed for suspected

Table 1
Indications for laparoscopic anatomical segmentectomy.

Segment/s resected Indication No. patients Total

Segments 2 and 3 1. Hepatolithiasis 3 6
2. HCC 2

3. Atypical hemangioma 1
Segment 3 Colorectal metastasis 1 1
Segments 4b and 5 Carcinoma gallbladder (T1b ,T2) 3 4

Xanthogranulomatous cholecystitis 1
Segment 4b Focal nodular hyperplasia 1 1
Segments 6 and 7 Biliary cystadenoma 1 3

Hydatid cyst 2
Segment 7 Colorectal metastasis 1 1

HCC, Hepatocellular carcinoma.
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carcinoma gallbladder, one of which was later diagnosed as
xanthogranulomatous gallbladder on histopathological exam-
ination. Carcinoma gallbladder has been a controversial subject in
minimally invasive surgery due to its potential complication of
port site recurrence, cancer dissemination due to bile spillage, and
due to concerns about the overall safety of liver resection[12].
However, recent studies have shown favourable outcomes of
laparoscopic surgery for gallbladder cancer. In a study by Jang
and colleagues, overall survival of T2-stage gallbladder carcinoma
between laparoscopic and open groups was comparable[13].
Moreover, the disease-free survival was significantly higher in the
laparoscopic group (at 5 years of laparoscopic surgery vs. open
surgery: 78% vs. 62.4%; P = 0.0171). There were no cases of
port site recurrence in the laparoscopic surgery group[14].
Similarly, Agarwal and colleagues and Itano and colleagues ret-
rospectively compared outcomes of laparoscopic and open radical
cholecystectomy, showing no significant difference in post-
operative morbidity, mortality, number of lymph nodes collected
and recurrence rate[15,16].

Two hepatic hydatid cysts were managed with right posterior
sectionectomy in our series. Although not a first choice of treat-
ment for hydatid cysts, we undertook resection for these cases,
as clinical features and imaging were not conclusive, they
were completely intrahepatic, and the possibility of biliary
cystadenoma/cystadenocarcinoma could not be ruled out. To
deal with hydatid scolexes, we immediately suctioned any
hydatid spillage and 3% saline-soaked gauze was used to any
suspected spill sites.As per the WHO protocol, these patients also
received oral Albendazole.

Similarly, two cases of Hepatocellular carcinoma underwent
LAS in our series, which carried a considerable challenge as they
were present in the background of liver cirrhosis secondary to
hepatitis B. However, because of smaller incisions, the laparo-
scopic approach results in minimal disruption of the collateral
circulation in the abdominal wall, decreased blood loss and lesser
fluid shifts from exposure to the peritoneal cavity, thereby
decreasing the chances of decompensation[17]. There was no post-
hepatectomy liver failure in our series. Of note, ICG dye was
extensively used as an adjunct during all the cases in our series.
The ICG dye, in conjunction with near infra-red light, was used
for intraoperative tumour localization, demarcation of liver seg-
ments to visualize transection line, intraoperative cholangio-
graphy and detection of bile leak from the raw surface of the liver.
These advantages of using ICG in laparoscopic liver resection are
slowly emerging in the literature[2,18].

We analyzed the postoperative outcomes of liver resection as
per the 4-level IWATE criteria difficulties. The IWATE Criteria
was proposed at the second international consensus conference

Table 3
Morbidity classified as per the Clavien–Dindo grading

Morbidity (Clavien–Dindo Grading) Number

Grade 1 and grade 2 14
Grade 3 and grade 4 2
Grade 5 0 Figure 1. Right posterior pedicle isolated and slinged.

Table 2
Correlation of IWATE Score with the resected liver segment; X-Axis: anatomical segment, Y-Axis: IWATE difficulty scores
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on laparoscopic liver resections in 2014 and is a proposed
classification system for assessing the surgical difficulty of
laparoscopic liver resection. In our series, we noted grade 3 and 4
complications occurring more frequently in patients with higher
IWATE scores.

In our study, 14 patients developed Clavien–Dindo grade 1
and 2 complications, of which superficial port site infections was
noted in eight patients and was managed with proper wound
care, urinary tract infections in two patients and chest infections
in four patients managed medically. Two patients had grade 3
and 4 complications wherein intra-abdominal collections were
noted and image guided pigtail catheter drain was placed. Finally,
in a low-medium income country like Nepal, the cost factor is the
Achilles heel for further development and dissemination of
advanced laparoscopic surgery andmore so the laparoscopic liver
resections. The use of advanced energy devices such as ultrasonic
dissectors and bipolar forceps, along with the requirement of
laparoscopic endo-staplers for vascular division in some instan-
ces, adds to the brunt of the cost to the patients. However, early
recovery and decreased postoperative stay following laparo-
scopic liver resection may justify this price for some individuals.

The present study yields several inherent limitations related
to its small sample size in a single centre, and a larger cohort of
patients is required to consolidate these findings. Nevertheless,

to our knowledge, this study is the first to underscore the fea-
sibility and safety of laparoscopic anatomical segmentectomy in
a low-medium income country. Moreover, this study also
highlights the advantages of using the ICG dye to improve the
outcomes of LAS.

Conclusion

Laparoscopic anatomical segmentectomy is a technically chal-
lenging surgery. However, with adequate training, detailed
knowledge of liver anatomy and the use of ICG, it is safe and
feasible, yielding excellent postoperative outcomes.
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Figure 4. HCC in left lateral segment under near-infrared light with ICG (ICG
retention). ICG, indocyanine green; HCC, Hepatocellular carcinoma.

Figure 3. HCC in left lateral segment under white light (background liver
cirrhotic). HCC, Hepatocellular carcinoma.

Figure 2. Right posterior section demarcation in NIR light after ICG adminis-
tration. ICG, indocyanine green; NIR, near-infrared.
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