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Abstract: Laparoscopic posterosuperior liver segment resection is considered technically challeng-
ing. This is a retrospective single-center single-surgeon study. The aim of the present study is to
investigate the short-term outcomes in a single institution between laparoscopic (LLR) and open
(OLR) posterosuperior liver segments (PSSs) resections performed by a single surgeon at Parma
University Hospital. The patients were divided into Group 1 (OLR) and Group 2 (LLR) and stratified
in two different time settings according to the experience of the surgeon (2010–2015 and 2016–2021).
A total 112 patients were included in the study. The 75.3% of OLR were performed in the first period,
while 70.2% of LLR were carried out during the second period (2016–2021). The Iwate score was
significantly (p < 0.001) higher in OLR group compared to the LLR group. Most of the advanced
(77%) and expert (100%) LLRs were performed during the second period. LOS was shorter in LLR
group comparing to OLR group (p < 0.001). The postoperative morbidity rate was similar in both
groups (p > 0.05). The presence of liver cirrhosis and multiple lesions were identified as risk factors
for severe postoperative complications. PSS-LLR has become much safer and more effective due
to increasing surgeon’s expertise along with the implementation of cutting-edge technology and
innovative surgical techniques.
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1. Introduction

Laparoscopic liver resection (LLR) has been exploited due to its advantage of minimal
invasiveness, resulting in early recovery and short hospital stay. LLR was first introduced
in 1991 for the treatment of benign cystic lesions [1].

The initial experience of minimally invasive surgery of the liver was limited to benign,
easily accessible lesions. Through the years, the indications have evolved. In the first
international statement in 2008, LLR was recommended for hepatic lesions smaller than
5 cm, solitary and located in the anterolateral segments [2,3]. The Morioka international
consensus conference followed by [4] the Southampton Consensus Guidelines for Laparo-
scopic Liver Surgery [5] expanded surgical indications to malignancy. Growing evidence
has supported the safety and feasibility of LLR also for lesions located in the PSS [6,7].

Several LLR difficulty scores were developed to predict the likelihood of achieving a
proper liver resection through laparoscopy and to guide the surgical planning, taking into
account a variety of patient and tumor factors, such as liver function, and tumor size and
location [8–11].

The original difficulty scoring system described by Ban et al. [12] was updated in
2014, becoming a relatively complex four-level difficulty classification system, best known
as the Iwate criteria. It still stands as the most employed difficulty scoring system. The
Iwate Score considers different factors: tumor size and location, proximity to major vessels,
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the extent of liver resection, the eventual need of hand-assisted laparoscopy, and liver
function [13].

Other difficult scoring systems have been introduced. The Institut Mutualiste Montsouris
(IMM) group introduced a new, simple three-level classification system based on the type
of procedure [11].

Different difficulty scoring systems are accepted world-wide and have been well
validated in several studies [12–15]

PSS-LLR (segments 4s, 6s 7, 8 and 1) is considered technically challenging due to the
need for precise trocar placement, the limited exposure of the operative field, the curvilinear
resection surfaces and the difficulty in controlling major bleeding [10–12].

Despite minimally invasive approaches having been accepted worldwide for liver
surgery, the laparoscopic treatment of posterosuperior segments remains challenging with
a limited adherence compared to other laparoscopic liver resections [16].

Technological development and the learning curve have allowed for the resection of
lesions located in posterosuperior segments. Several studies evaluated the role of laparo-
scopic posterosuperior liver segment resection, but no one is focused on only one surgeon.

We decided to review our experience retrospectively with the aim of comparing the
intraoperative and immediate postoperative results of LLR and OLR in patients operated on
for lesions located in posterosuperior segments by a single surgeon in a single institution.

2. Methods

This is a retrospective single-center single-surgeon study. All consecutive adult
(age > 18 years) patients who underwent PSS resection performed by R.D.V. at the Di-
vision of General Surgery of the Parma University Hospital were included. The study
timeline spanned from 1 January 2010 to 31 December 2021.

Inclusion criteria were as follows: adult patients > 18 years; and patients who under-
went only posterosuperior liver resections with open or laparoscopic approach.

Exclusion criteria were as follows: patients who underwent major liver resections
according to the Brisbane 2000 nomenclature [17]; and patients who underwent associated
major abdominal procedures or concomitant liver resection of other segments.

The study has been approved by our institution independent ethics committee (Comi-
tato etico AVEN (area vasta Emilia nord)). Informed consent was obtained from each patient
included in the study. The paper was written according to the STROBE statement [18].

The patients were divided into Group 1, who underwent OLR, and Group 2, who
underwent LLR. The two groups were analyzed in two different time settings according to
the experience of the surgeon (2010–2015 and 2016–2021).

2.1. Variables and Definitions

Age, sex, BMI and comorbidities were summarized by the Charlson Comorbidity
Index [19].

Preoperative liver function was assessed using both the model for end-stage liver
disease score (MELD) and the Child–Pugh score.

Biochemical values of bilirubin, albumin, platelets, creatinine, and prothrombin time,
and the international normalized ratio (INR) were also recorded at baseline.

The American Society of Anesthesiologists (ASA) class was assessed during the pre-
operative patient evaluation [20].

The characteristics of the lesions (number, location, size and the presence of vascular
invasion) were assessed through preoperative triple-phase CT scan or magnetic resonance
imaging and confirmed by intraoperative ultrasound. The nature of the lesions (hepato-
cellular carcinoma (HCC), cholangiocarcinoma (CCC), colorectal liver metastasis (CRLM),
liver metastasis (LM), benign lesion) and preoperative treatment were assessed. The dif-
ficulty of the resection was graded according to the Iwate score and Institute Mutualiste
Montsouris (IMM) scoring system. These scores were also calculated for OLR to evaluate
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the changes through the years [12,21]. The extension of the resection was defined according
to the Brisbane nomenclature [17].

Other surgery-related variables include the following: minimally invasive approach,
overall clamping time, intraoperative blood loss and transfusion, laparoscopy-to-open-
conversion rate, and duration of surgery.

The LOS (length of stay) was calculated from the day of the operation to hospital
discharge. Postoperative complication grading was recorded according to Clavien–Dindo
Classification [22].

Postoperative bile leakage, liver failure (bile leakage, bleeding and liver failure were
graded according to the ISGLS classifications), ascites, bleeding and infections, and pul-
monary, cardiovascular and cerebrovascular complications were evaluated [23–25].

Postoperative mortality was calculated as the number of deaths occurring within
90 days from surgery.

2.2. Surgical Techniques

The surgical technique (laparoscopic or laparotomic) was chosen according to the
learning curve of the operator through the years. The initial laparoscopic approach was
reserved for the left liver procedures. A step-by-step learning curve was performed with the
progressive treatment of complex laparoscopic resections including laparoscopic resection
of posterosuperior liver segments.

In our center, the treatment modality is always discussed among a multidisciplinary
team including hepatologists, interventionists, radiologists and medical oncologists. Whether
to perform surgery and the extent of liver resection are also discussed based on the patient’s
general condition, liver cirrhosis, and tumor size and location. The final decision on
whether to perform LLR or OLR is made by the operating surgeon.

2.2.1. OLR Technique

The patient was placed in a supine position. The right arm was tagged along the
body while the left stretched at 90◦. A reversed L-shaped incision with lateral extension
beyond the mid-clavicular line up to the right flank was performed. The manual palpation
of the liver was performed to potentially identify known or undiagnosed lesions. The
mobilization of the right liver was carried out using monopolar, bipolar and ultrasound
energy-based devices (Thunderbeat™, Olympus Medical Systems Corp., Tokyo, Japan).
The manual retraction of the liver was performed to ease ligaments exposure. The round
and falciform ligaments were taken down, and the right lobe mobilization was completed
thanks to the section of the right triangular and coronary ligaments as far back as the
suprahepatic inferior vena cava (IVC). Multiple short Spigelian veins between the IVC and
the posterior surface of the liver were ligated and divided. In case of significant sizable
right inferior hepatic vein (RIHV) it was preserved whenever possible.

The hepatic pedicle was consistently prepared for Pringle Maneuver [26]. After the
liver mobilization, IOUS was always performed to identify liver lesions and the transection
line was marked. The parenchymal transection was carried out with the Kelly clamp
crushing technique in the first years and then using an ultrasonic dissector. Vasculo-biliary
structures were managed selectively using clips, sutures, ties or linear staplers.

2.2.2. LLR Techniques

LLR techniques used at our hospital have been described elsewhere [3,27–29].
Under general anesthesia, the patient was placed in the modified Lloyd-Davies posi-

tion with leg stirrups and tilted to 30◦ reverse Trendelenburg position (the first surgeon
stood between the patient’s legs with one assistant on each side).

The left lateral decubitus was commonly employed for lesions in segment 6, 7 and
dorsal aspect of segment 8 [30,31].
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Initial access for a 12 mm camera port was placed in the supra-umbilical or in the
right para-rectal position, the pneumoperitoneum was established, and the pressure was
maintained under 12 mmHg. Four ports were positioned in a reverse J configuration [32].

The round and falciform ligaments were dissected and then a right lobe mobilization
was completed through the section of right triangular and coronary ligaments as far back
as the suprahepatic IVC using Thunderbeat™.

Multiple short Spigelian veins between the IVC and posterior surface of the liver were
ligated and divided when necessary.

Laparoscopic Pringle Maneuver approach changed through the years. In the initial
laparoscopic experience extracorporeal Pringle Maneuver was performed, and involved
taping the hepatoduodenal ligament with cotton tape through a 10 mm Goldfinger Dis-
sector. A 5 mm port was inserted in the left flank and then the end of the cotton tape was
externalized through a 20-Fr drain tube tourniquet that was pushed inside the abdominal
cavity up to the hepatic pedicle.

In the last 3 years, the extracorporeal Pringle Maneuver was abandoned in favor of
the intracorporeal Pringle Maneuver performed using a 16 Fr Huang’s loop [33].

Such as for open liver resections after liver mobilization and hepatoduodenal pedicle
preparation, IOUS was always performed using a flexible ultrasound transducer. The
parenchymal transection was achieved with Thunderbeat™ for shallow parenchymal
transection and switching ultrasonic dissector, bipolar energy-based devices and Thun-
derbeat™. Vasculo-biliary structures were managed selectively using clips, ties or staplers.
The specimen was placed into a retrieval bag and removed via a slightly enlarged port site
or for a large specimen via a Pfannenstiel incision.

2.3. Study Endpoints

The primary endpoint was to compare perioperative outcomes across the two groups
and the changes through the two study periods (2010–2015 and 2016–2021).

All patients were followed up using local protocols, which included blood test, ab-
dominal ultrasound, CT or magnetic resonance imaging, and office visits.

2.4. Statistical Analysis

Data analysis was performed using Jamovi. Univariate and multivariate analyses
were performed.

The sample description was performed using the median and interquartile range
(IQR) for numeric variables, and number and proportion for categorical variables. Mann–
Whitney and Fisher tests were used to compare baseline patient characteristics between the
two treatment groups, respectively.

Differences between the groups were assessed using a log-rank test. All factors deemed
to be statically significant for a p-value of less than 5% (p < 0.05).

3. Results
3.1. General Characteristics

A total 112 patients who underwent posterosuperior liver segment resection were
included in the study.

The baseline characteristics of each group are summarized in Table 1.
According to the time of surgery, most of the OLRs were performed in the early period

(2010–2015) and most of the LLRs were performed in the late period (2016–2021). Overall,
75.3% of the OLRs (49/63) were performed in the early period, and 70.2% (33/49) of the
LLRs were performed in the late period. Laparoscopy demonstrated significant procedure-
specific increases over the second period, with more LLR than OLR. Figure 1. p < 0.001.
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Table 1. Baseline characteristics of patients who underwent PPS resection stratified based on surgical
approach (OLR vs. LLR).

Baseline Characteristics Total OLR LLR p-Value

Period of resection

<0.0012010–2015 65 (56.2%) 49 (75.3%) 16 (24.6%)

2016–2021 47 (43.7%) 14 (29.7%) 33 (70.2%)

Median age (IQR), years 70 (58.7–75.2) 70 (61–74) 70 (57.5–76) 0.701

Male sex, n (%) 88 (78.5%) 52 (80.0%) 36 (76.5%) 0.669

Median BMI (IQR) 25.4 (23.7–28.3) 25.5 (23.8–28.4) 25.4 (23.2–27.7) 0.618

Previous liver surgery, n (%) 14 (12.5%) 12 (18.4%) 2 (4.2%) 0.025

Preoperative ascites 8 (7.0%) 5 (7.6%) 3 (4.5%) 0.797

Charlson Comorbidity
Index, median (IQR) 5 (4–8) 5 (3–8) 6 (4–7.5) 0.612

ASA score, n (%)

0.0140

1 1/112 (2.6%) 2/65 (3.1%) 1/47 (2.1%)

2 61/112 (54.4%) 39/65 (60.0%) 22/47 (46.8%)

3 48/112 (42.8%) 24/65 (36.9%) 24/47 (51.0%)

4 0 (0.0%) 0 (0.0%) 0 (0.0%)

Etiology, n (%)

0.470

Cholangiocarcinoma 7 (6.2%) 6 (9.5%) 1 (2.1%)

HCC 51 (45.5%) 24 (38.0%) 27 (55.1%)

CRLM 48 (42.8%) 32 (50.7%) 16 (32.6%)

LM 2 (1.7%) 1 (1.5%) 1 (2.1%)

Benign disease 4 (3.5%) 2 (3.0%) 2 (4.2%)

Child–Pugh score,
median (IQR) 6 (5–7) 6 (5–7) 6 (5–7) 0.147

Child–Pugh n (%)

0.103A 74 (66.0%) 47 (72.3%) 27 (57.4%)

B 38 (33.9%) 18 (27.6%) 20 (42.5%)

Meld score, median (IQR) 8 (6–10) 7 (6–10) 8 (7–12) 0.034

Median tumor size,
mm (IQR) 31 (22–43) 32 (24–47) 26 (21–41) 0.103

N lesions, median (IQR) 1 (1–2) 1 (1–2) 1 (1–1.5) 0.026

Tumor location, n (%)

0.441

I 1 (0.8%) 1 (1.5%) 0 (0.0%)

IVa 4 (3.5%) 2 (3.0%) 2 (4.2%)

VIs 10 (8.9%) 6 (9.2%) 4 (8.5%)

VII 57 (50.8%) 35 (53.8%) 22 (46.8%)

VIII 40 (35.7%) 21 (32.3%) 19 (40.4%)

Iwate score, Difficulty
Index,

median (IQR)
7 (6–10) 8 (7–10) 7 (5–9) <0.001
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Table 1. Cont.

Baseline Characteristics Total OLR LLR p-Value

Iwate, Difficulty Level

<0.001
Low 3 (2.6%) 1 (1.5%) 2 (4.2%)

Intermediate 32 (28.5%) 11 (16.9%) 21 (44.6%)

Advanced 45 (40.1%) 26 (40.0%) 19 (40.4%)

Expert 32 (28.5%) 27 (41.5%) 5 (10.6%)

IMM, Difficulty Level

0.352I 49 (43.7%) 23 (48.9%) 26 (40.0%)

II 10 (8.9%) 4 (8.5%) 6 (9.2%)

III 53 (47.3%) 20 (42.5%) 33 (50.7%)
IQR: Interquartile range.
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Figure 1. Trends of laparoscopic and open surgeries over twelve years OLR: Open liver resections.
LLR: Laparoscopic liver resections.

Previous open hepatectomies were reported in 12 patients who underwent OLR
(18.4%) and only in 2 who underwent LLR (4.2%).

No differences for the Charlson Comorbidity Index were observed among the two groups
(p > 0.05). Hepatocarcinoma was the most common etiology in the LLR group (55.1%) and
CRLM in the OLR group(50.7%).

Among the 48 patients with CRLM, 34 (62.5%) underwent preoperative chemotherapy.
Among the 51 patients with HCC, prior locoregional treatments were performed in

five cases (9.8%).
The Iwate score was significantly higher in the OLR group than the LLR group

(p < 0.001). Most of the OLRs (81.5%) were at an advanced or expert Iwate difficulty
level compared to 51% of LLRs.

According to Iwate difficulty levels, most of the advanced (77%) and all the expert
(100%) LLRs were performed only in the second period of the study.

The difficulty level of IMM showed no differences between OLR and LLR (p > 0.05).
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3.2. Surgical Characteristics

Anatomical resection was performed 77 times (68.7%), and non-anatomical resections
were performed 35 times (31.2%). Anatomic OLR was performed 53/65 times (81.5%).
Anatomic LLR was performed 24/47 times (51.0%). The bisegmentectomy of segments 6
and 7 was the most common OLR in 20/65 (30.7%) cases. The wedge resection of segment
7 was the most common LLR in 13/47 (27.6%) cases. Hepato-duodenal lymphadenectomy
was performed in 13 patients (11.6%), in every CCC case, and in six additional patients. The
Pringle Maneuver was performed in 89 cases (79.4%), and the median Pringle Maneuver
time was 30 min (14.2–47.2). The median estimate blood loss was 150 mL (100–200), and
only two patients required intraoperative blood transfusion (1.7%).

Operative time was significantly higher in LLR than OLR (p = 0.012).
Conversion rate was 31.9%. Among the 15 conversions, 11 (73.3%) were performed

during the early period (2010–2015), and only 4 (26.7%) were performed during the late
period (2016–2021); a conversion was performed in three patients to control major bleeding.

Surgical procedure details are reported in Table 2.

Table 2. Surgical details.

Intraoperative Detailes Total OLR LLR p-Value

Operative time,
median (IQR)

300
(223.7–248.7) 315 (240–360) 250 (210–315) 0.012

Tipe of resection, n (%)

0.121Anatomical resection 55/112 (50.8%) 36/65 (55.4%) 19/47 (40.4%)

Atypical resection 57/112 (49.2%) 29/65 (44.6%) 28/47 (59.6%)

Pringle Manuever time,
median (IQR) 30.0 (14.2–47.2) 30.0 (12.0–45.0) 30.0 (15.5–52.0) 0.678

Blood loss (mL),
median (IQR) 150 (100–200) 150 (100–300) 100 (100–200) 0.194

Conversion rate, n (%) 15/47 (31.9%) / 15/47 (31.9%) /
IQR: Interquartile range.

3.3. Postoperative Outcomes

The LOS was 8 days (7–11) in the LLR group and 11 days (9–21) in the OLR group
(p < 0.001).

Severe postoperative complications (Clavien–Dindo > 3a) were reported in four (6.1%)
patients who underwent OLR and only in one (2.1%) who underwent LLR.

Grade A bile leakages were found in five (7.6%) OLR patients and in one (2.1%) LLR
patient. Grade B bile leakages were found in one (1.5%) OLR patient. Grade C bile leakages
were not found. Transient liver failure was found in one (1.5%) OLR patient. No grade B
and C bleeding was reported.

Readmission within 90 days was reported for 12 (10.7%) patients. Mortality within
90 days was reported for one patient (0.8%).

Postoperative details and complications are summarized in Table 3.

Table 3. Postoperative outcomes.

Postoperative Outcomes Total OLR LLR p-Value

LOS, days (IQR) 10 (7.75–14.5) 11 (9–21) 8 (7–11) <0.001

ICU LOS, days (IQR) 1 (1–2.25) 2 (1–3) 1(0–2) 0.011

Severe complications,
Clavien–Dindo > 3b 5 (4.4%) 4 (6.1%) 1 (2.1%) 0.315
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Table 3. Cont.

Postoperative Outcomes Total OLR LLR p-Value

Clavien–Dindo, n (%)

<0.001

1 46/112 (41.0%) 35/65 (53.8%) 11/47 (23.4%)

2 39/112 (34.8%) 27/65 (41.5%) 12/47 (25.5%)

3a 18/112 (16.0%) 16/65 (24.6%) 2/47 (4.2%)

3b 4/112 (3.5%) 3/65 (4.6%) 1/47 (2.1%)

4a 0/112 (0.0%) 0/65 (0.0%) 0/47 (0.0%)

4b 1/112 (0.8%) 1/65 (1.5%) 0/47 (0.0%)

5 1/112 (0.8%) 1/65 (1.5%) 0/47 (0.0%)

Bile leakage, n (%)

0.129A 6 (5.3%) 5 (7.6%) 1 (2.1%)

B 1 (0.8%) 1 (1.5%) 0 (0.0%)

Liver failure, n (%) 1 (0.8%) 1 (1.5%) 0 (0.0%) NA

Postoperative ascites, n (%) 11 (9.8%) 9 (13.8%) 2 (4.2%) 0.095

Bleeding, n (%) 5 (4.4%) 4 (6.1%) 1 (2.1%) 0.315

Pulmonary complications,
n (%) 23 (20.5%) 15 (23.0%) 8 (17.0%) 0.438

Postoperative infection, n (%) 19 (16.9%) 9 (13.8%) 10 (21.2%) 0.305

Cardiovascular complications,
n (%) 12 (10.7%) 7 (10.7%) 5 (10.6%) 0.987

Cerebrovascular
complication, n (%) 1 (0.8%) 1 (1.5%) 0 (0.0%) NA

Readmission within 90 days,
n (%) 12 (10.7%) 8 (12.3%) 4 (8.5%) 0.527

Mortality within 90 days,
n (%) 1 (0.8%) 1 (1.5%) 0 (0.0%) NA

NA: Not available. IQR: Interquartile range.

The presence of liver cirrhosis and multiple lesions were identified as risk factors for
severe postoperative complications, as shown in Table 4.

Table 4. Univariate analysis for severe postoperative complications.

Variable
No Severe

Complication
(n = 107)

Severe Complication
(n = 5) p-Value

Age ≥ 65 y 67 (62.6%) 3 (60.0%) 0.907

Gender, male 83 (77.5%) 5 (100.0%) NA

BMI > 25 kg/m2 61 (57.0%) 3 (60.0%) 0.902

ASA score ≥ 3 45 (42.0%) 3 (60.0%) 0.435

Charlson Comorbidity Index, n (%)

0.524

0–1 6 (5.60%) 0 (0.0%)

2–3 21 (19.6%) 0 (0.0%)

4–5 30 (28.0%) 2 (40.0%)

6–7 20 (18.6%) 2 (40.0%)

>8 30 (28.0%) 1 (20.0%)
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Table 4. Cont.

Variable
No Severe

Complication
(n = 107)

Severe Complication
(n = 5) p-Value

Liver chirrosis, n (%) 6 (5.6%) 2 (40.0%) 0.004

Child–Pugh grade B, n (%) 37 (34.5%) 1 (20.0%) 0.508

MELD score, median (IQR) 8 (6–10) 8 (5–9) 0.910

Tumor size ≥ 3 cm, n (%) 54 (50.4%) 3 (60.0%) 0.684

Tumor location

0.446

Segment 1 1 (0.9%) 0 (0.0%)

Segment 4s 4 (3.7%) 0 (0.0%)

Segment 6s 9 (8.4%) 1 (20.0%)

Segment 7 56 (52.3%) 1 (20.0%)

Segment 8 37 (34.5%) 3 (60.0%)

Multiple lesions, n (%) 38 (35.0%) 4 (80.0%) 0.046

Proximity to the major
hepatic vessels, n (%) 58 (54.2%) 4 (80.0%) 0.262

Segmentectomy, n (%) 52 (48.5%) 3 (60.0%) 0.625

LLR, n (%) 46 (42.9%) 1 (20.0%) 0.315
NA: Not available.

In the multivariate analysis, liver cirrhosis (odds ratio (OR) 2.4; 95% confidence interval
(CI) 0.48–4.38; p = 0.016) and multiple lesions > 2 (odds ratio (OR) 1.98; 95% confidence
interval (CI) −0.24–4.2; p = 0.045) were identified as independent risk factors for severe
postoperative complications.

4. Discussion

PSS-LLR have been considered technically challenging and graded as a major procedure
in several studies due to the several anatomical issues of posterosuperior segments [10–12].

The difficulties of PSS LLR lie in the limited operative field due to the space-occupying
liver. The anatomical area of PSSs is closed by the diaphragm and the rib cage. The depth
of PSSs, the curvilinear resection surfaces and the limited anatomical exposure led to
major difficulties in performing IOUS and in controlling major bleeding. The operative
field is far from the conventional abdominal trocar site. In this context, when the trocars
are not correctly placed, the laparoscopic instruments often fail to reach the lesion as
they are too short, making the transection of the liver and the bleeding control very
difficult [11,14,17,19].

Despite the difficulties behind the laparoscopic treatment of posterosuperior segments
several factors contributed to the adoption of this approach. The number and the com-
plexity of performed LLRs has grown worldwide through the years, as also reported in
our experience.

The results of the present study showed that LLR is a viable option for the treatment
of posterosuperior segment lesions, with good postoperative outcomes when compared
to OLR.

Before mastering PSS LLRs, a steep learning curve, starting with easier LLRs, is
required. Several studies showed that 20 to 60 cases are needed to reach proficiency
in major LLRs [6,10,34,35]. In our study, laparoscopic liver resection was performed in
43.7% cases, with most of the LLRs performed during the second period and with a constant
growth through the years.
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We also observed that fewer surgical procedures (43.7%) were performed during the
second period (2016–2021), especially in 2020, due to the COVID-19 pandemic.

The growing surgeon’s expertise and experience, combined with the growing literature
evidence, expanded the indications for LLR, including the treatment of posterosuperior
segments, as evidenced by our results.

The difficulty behind the LLR of posterosuperior segments also affected type of re-
section. Different previous literature reports described non-anatomical PSS LLR resection
to be as difficult as anatomical resection, such as right hepatectomy or right posterior
hepatectomy. Several reports also showed better postoperative outcomes of anatomical PSS
resection over non-anatomical one [36–38].

However, the recent adaptation of advanced approaches has facilitated the perfor-
mance of LLR for lesions located in PSSs. In our study, no differences were found among
anatomical and non-anatomical LLR outcomes.

In our study, as reported in a previous literature report [15], the Iwate score was
significantly higher in the OLR group than the LLR group. Most of the OLRs (81.5%) were
at an advanced or expert Iwate difficulty level compared to the 51% of LLRs. In the second
period, most of the advanced (77%) and all the expert (100%) LLRs, according to Iwate
difficulty levels, were performed. This indicates that OLR may be more challenging from a
technical perspective and justify the increase in difficult LLR during the second period.

The conversion rate during our experience was similar to other previous studies [39,40].
The conversion rate was higher during the initial experience of PSS LLR, where 73.3% of all
conversions took place. Various factors, such as inappropriate patient selection, poor tumor
location, difficulty in bleeding control, and difficulty in ensuring an adequate resection
margin, may be related to the higher rate of conversion during the first period [40,41].
Conversion from laparoscopy to laparotomy for bleeding is the main cause of conversion
during LLR [40]. Among the four patients who required conversion during the second
period, in three cases (75%), conversion occurred to control major bleeding. The improved
surgical skills and consequent reduction of errors related to inexperience, may justify the
lower conversion rate during the second period where conversion was mostly related to
major bleeding.

Despite the technical difficulties of PSS-LLR, the overall outcomes of this study showed
similar results in both groups [3,7,42]. Patients who underwent PSS LLR showed shorter
LOS and less severe postoperative complications as reported in previous studies [7,43–45].

OLR for PSS often requires a large incision due to the deep and closed location resulting
in a delayed physical recovery due to postoperative pain and discomfort [46]. This suggests
that LLR may result in faster recovery and reduced hospitalization time.

Pulmonary complications (pleural effusion), cut surface complications (effusion, in-
fection and bile leak) ascites and wound infection are reported as common complications
after PSS.

Fluid collection in the right subdiaphragmatic space are the most common complica-
tions after PSSs [47] and often leads to other related thoracic complications (reactive pleural
effusion, atelectasis and pneumonia) [29,45,48].

In the present study, no significant difference in postoperative morbidity was noted;
we observed higher non-significant pulmonary complications in the OLR group (23%) than
the LLR (17%) group and a higher non-significant difference in postoperative ascites in the
OLR group (13.8%) than the LLR group (4.2%).

In previous studies, the postoperative ascites rate was reported to be lower in patients
with cirrhosis after LLR than after OLR due to reduced manipulation and damage to
collateral circulations during LLR, which could prevent the decompensation of a cirrhotic
liver. [25,27,45,49].

No differences were observed among the two groups for postoperative bile leak, liver
failure, bleeding and infection (p > 0.05).
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We observed a much worse postoperative outcome in patients with multiple lesions
and cirrhosis, no matter the surgical approach with both OLR and LLR. This suggests that
patients with these conditions may be at higher risk of experiencing complications after
PSS resection.

However, patients who underwent PSS LLR had a shorter hospital stay and less overall
morbidity than patients in the OLR group.

This study has several limitations. First, it is a retrospective single-center study, which
may limit the generalizability of the findings to other settings. Second, the study focused on
short-term outcomes and did not assess long-term oncological outcomes. Further research
is needed to evaluate the long-term effects of LLR and OLR on patient outcomes.

5. Conclusions

PSS-LLR has become safer and more effective thanks to the implementation of newer
techniques and to the developed surgical expertise, which helped to overcome the anatomi-
cal boundaries and the very unique pitfalls of the PSS-LLR. The short-term outcomes of PSS
resections are similar between LLR and OLR, while postoperative LOS and recovery ap-
peared to be favored by the laparoscopic approach. Further research is needed to evaluate
the long-term effects of LLR and OLR on patient outcomes.
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