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Simple Summary: Robotic liver surgery is becoming the future of minimally invasive surgery,
overcoming the intrinsic limitations of laparoscopic surgery and allowing the execution of highly
complex procedures such as major hepatectomies. Despite these advantages, up to now, no evidence
of benefits associated with the robotic approach in liver surgery has been clearly defined in the
literature. Data from a multicentric retrospective database including 131 major liver resections in
nine European hospital centers were analyzed. The patients were divided into two groups based on
age: elderly and young. Perioperative data were compared between the two groups. The aim of this
study was to analyze the feasibility and safety of robotic major liver resection in elderly patients.

Abstract: Background: the role of minimally invasive liver surgery has been progressively developed,
with the practice increasing in safety and feasibility also with respect to major liver resections.
The aim of this study was to analyze the feasibility and safety of major liver resection in elderly
patients. Methods: data from a multicentric retrospective database including 1070 consecutive robotic
liver resections in nine European hospital centers were analyzed. Among these, 131 were major
liver resections. Patients were also divided in two groups (<65 years old and ≥65 years old) and
perioperative data were compared between the two groups. Results: a total of 131 patients were
included in the study. Operative time was 332 ± 125 min. Postoperative overall complications
occurred in 27.1% of patients. Severe complications (Clavien Dindo ≥ 3) were 9.9%. Hospital stay
was 6.6 ± 5.3 days. Patients were divided into two groups based on their age: 75 patients < 65 years
old and 56 patients ≥ 65 years old. Prolonged pain, lung infection, intensive care stay, and 90-day
readmission were worse in the elderly group. The two groups were matched for ASA and Charlson
comorbidity score and, after statistical adjustment, postoperative data were similar between two
groups. Conclusions: robotic major liver resection in elderly patients was associated with satisfying
short-term outcomes.
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1. Introduction

Minimally invasive liver surgery (MILS) has progressively developed, increasing in
safety and feasibility even with respect to major liver resections. Robotic techniques are
becoming the future of minimally invasive surgery, overcoming the intrinsic limitations
of laparoscopic surgery. The advantages of robotic surgery concern the possibility of both
easily performing complex procedures and improving surgical techniques.

Complex procedures that can be facilitated thanks to the robotic approach include
major hepatectomies, resections of difficult segments, and biliary anastomosis [1–3]. The
improvement of surgical techniques concern tremor filter, endowristed movements, aug-
mented surgeon’s ergonomy, 3D high-definition vision, and faster learning curves [4,5].
Despite these advantages, the absence of tactile feedback, high costs, limited access to the
robotic platform, and few surgical instruments available limit robotic development and
application.

The benefits of robotic liver resection are emerging thanks to studies that confirm
the role of MILS in reducing postoperative complications, providing better postoperative
recovery, and shortening hospitalization stays [6,7]. These represent a real advantage,
especially in elderly patients who can benefit from a quick return home [8]. To date,
the literature is poor in studies that investigate the role of robotic major hepatectomy in
elderly patients.

The aim of this study is to analyze the feasibility and safety of robotic major hepa-
tectomy (RMH) in elderly patients, considering intraoperative and postoperative short
term outcomes.

2. Materials and Methods

Data were collected from a multicentric retrospective database including 1070 con-
secutive robotic liver resections for benign and malignant liver tumors. Patients were
enrolled in nine European hospital centers from 2011 to 2022. Each center had ethics
committee approval and informed consent to collect patient clinical data. From the entire
series, 131 RMH were performed. Patients who underwent RMH were divided into two
groups based on their age: young < 65 and elderly ≥ 65 years. Patients over 65 years old
were considered elderly. Patients < 18 years old, ASA > IV, and examples of minor liver
resections were excluded from the study. Preoperative, intraoperative, and postoperative
data were retrospectively analyzed and compared in both groups.

2.1. Preoperative Data

Preoperative data, in terms of patient characteristics and tumor characteristics, were
recorded and analyzed for each included patient: age, gender, body mass index (BMI),
previous abdominal surgery, comorbidity, liver fibrosis, Charlson comorbidity score, preop-
erative chemotherapy, indication to surgery, size and position of liver tumor. Preoperative
chemotherapy was based on tumor biology. All patients were staged preoperatively with
CT scans of chest–abdomen–pelvis and abdominal RMI when necessary. CT scans allowed
to define the tumor diameter and vascular contact. A liver biopsy was performed in case
of an unclear radiological diagnosis in accordance with the European Association for the
Study of the Liver (EASL) [9]. The preoperative evaluation also included the surgical risk
calculation considering the scoring system from the American Society of Anesthesiologists
(ASA) and a liver assessment with the model for end-stage liver disease (MELD) scores.
All the clinical cases were discussed in a multidisciplinary team.
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2.2. Intraoperative Data

The surgical procedure was performed by expert surgeons with a consolidated experi-
ence in minimally invasive and open hepatobiliary surgery. Liver segmentation anatomy
and liver resection type were defined using the Couinaud classification and the Brisbane
2000 terminology, respectively [10,11]. Major liver resection was considered to be a resection
of three or more contiguous Couinaud segments [12]. We included robotic left hepatec-
tomy (RLH), robotic right hepatectomy (RRH), robotic extended left hepatectomy (RELH),
robotic extended right hepatectomy (RERH), and robotic central hepatectomy (RCH). An
intraoperative ultrasound (IOUS) was systematically performed at the beginning of the
procedure. IOUS is a recommended tool to investigate liver anatomy to confirm number,
size, and location of the tumor and to plan transection lines and margins.

A parenchymal liver transection was performed with different types of devices based
on the individual surgeon’s preference such as electrocoagulation, ultrasonic dissector,
radiofrequency, or combined energy devices. The Pringle maneuver was routinely prepared
at the beginning of the procedure and used according to the experience of each center.
Data regarding operative time, estimated blood loss, blood transfusion, conversion rate to
laparoscopic or open surgery, and pedicle clamping were recorded. Estimated blood loss
was measured as the difference between the fluid present in the suction receptor and the
lavage solution infused into the abdominal cavity.

2.3. Postoperative Data and Short-Term Outcomes

Postoperative data were recorded, including postoperative complications according
to the Clavien Dindo grading system [13], reintervention, intensive care unit (ICU) stay,
hospital stay, R1 resection, and readmission after 90 days. Prolonged pain was defined as
the continued use of analgesics beyond the third postoperative day.

2.4. Statistical Analysis

Data were reported as mean and standard deviation or as frequency with percentage.
Associations between categorical variables were evaluated using a chi-squared test or
Fisher’s exact test as appropriate. Continuous variables were compared using the student’s
t-test. Multivariate logistic and linear regressions were used to evaluate the independent
association between the age category and dichotomous (logistic) or continuous (linear)
variables, adjusting for ASA and the Charlson comorbidity score that were significantly
different among patients younger and older than 65 years. A p value < 0.05 was considered
to be statistically significant. All analyses were conducted using the STATA software,
version 16 (Stata-Corp LP, College Station, TX, USA).

3. Results
3.1. Patients’ Characteristics and Perioperative Data

During the study period, we enrolled a total of 1070 consecutive robotic liver resections,
131 of which were robotic major hepatectomies. Patients’ characteristics and perioperative
data of RMH are shown in Table 1. The mean age was 64 years and 59.5% were male
patients; mean BMI was 26.6 kg/m2. A total of 28.2% of patients were ASA III. The
Charlson comorbidity score mean was 4.9. Thirty-four patients had a previous abdominal
surgery and were divided into previous open surgery (14, 10.7%) and previous laparoscopic
surgery (20, 15.3%). No patients had more than two comorbidities. A total of 28.3% of
patient had liver fibrosis with a mean MELD score of 6.8. The main indications for surgery
were CRLM (colorectal liver metastasis) and HCC (hepatocellular carcinoma), with 39
(30%) and 37 (28.2%) patients, respectively (Figure 1). The mean size of the largest lesions
was 47 ± 30 mm. A total of 30.2% of the lesions were distant from the vascular structures,
while 20.9% of the lesions were in contact with the portal branch and 30.2% were in contact
with the hepatic vein. Among the major hepatectomies, 70 (53.4%) were left hepatectomies,
57 (43.5%) were right hepatectomies, three (2.3%) were central hepatectomies, one (0.8%)
was an extended left hepatectomy, and no extended right hepatectomies were recorded
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(Figure 2). All conversions were to the open approach, with a total number of 14 (10.7%).
Operative time was 332 ± 125 min. Five patients (4.2%) had an intraoperative blood
transfusion. In 68.7% of cases, a pedicle clamping was performed. The overall postoperative
complication rate was 27.1%, and the most represented complications were pulmonary
infection, prolonged pain, and biliary leakage: 9.9%, 5.3%, and 5.3%, respectively. Severe
complications occurred in 9.9% of patients. No patient was reoperated. Hospital stay
duration was 6.6 ± 5.3 days. Histological specimens had a mean free margin of 8 ± 8 mm.
A total of 7.2% RMH were R1 parenchymal. Seven patients (5.3%) had complications
after discharge and seven patients (5.3%) were readmitted to the hospital within 90 days
after discharge.

Table 1. Patients’ characteristics and perioperative data of robotic major hepatectomies (RMHs).

Variables RMH

n = 131
Age (yr), mean ± SD 64 ± 13
Male, n (%) 78 (59.5%)
BMI (kg/m2), mean ± SD 26.6 ± 3.6
ASA III score, n (%) 37 (28.2%)
ASA IV score, n (%) 0 (0.0%)
Charlson comorbidity score, mean ± SD 4.9 ± 2.4
Previous open abdominal surgery, n (%) 14 (10.7%)
Previous laparoscopic abdominal surgery, n (%) 20 (15.3%)
Comorbidity > 2, n (%) 0 (0.0%)
Liver fibrosis, n (%) 36 (28.3%)
MELD Score, mean ± SD 6.8 ± 1.6
Preoperative chemotherapy, n (%) 38 (29.0%)
Number of lesions, mean ± SD 1.79 ± 1.43
Tumor: size of biggest lesion (mm), mean ± SD 47 ± 30
Lesion non in contact with vessels, n (%) 39 (30.2%)
Lesion in contact with vessels: portal branch, n (%) 27 (20.9%)
Lesion in contact with vessels: hepatic vein, n (%) 39 (30.2%)
Conversion to open, n (%) 14 (10.7%)
Conversion to laparoscopy, n (%) 0 (0.0%)
Operative time (min), mean ± SD 332 ± 125
Estimated blood loss (mL), mean ± SD 282 ± 215
Blood transfusion, n (%) 5 (4.2%)
Pedicule clamping, n (%) 90 (68.7%)
Post operative complication, n (%) 35 (27.1%)
Biliary leakage, n (%) 7 (5.3%)
Hemorrhage, n (%) 2 (1.5%)
Prolonged pain, n (%) 7 (5.3%)
Ascitis, n (%) 5 (3.8%)
Pulmonary infection, n (%) 13 (9.9%)
Severe complication (Clavien ≥ 3), n (%) 13 (9.9%)
Re-intervention, n (%) 0 (0.0%)
ICU stay (days), mean ± SD 0.60 ± 0.94
Total hospital stay (days), mean ± SD 6.6 ± 5.3
Surgical margins (mm), mean ± SD 8 ± 8
R1 parenchymal, n (%) 7 (7.2%)
R1vasc, n (%) 0 (0.0%)
Complications after hospital discharge, n (%) 7 (5.3%)
Readmission at 90 days, n (%) 7 (5.3%)

SD: standard deviation; BMI: body mass index; ASA: American Society of Anesthesiologists; MELD: mayo end
stage liver disease; ICU: intensive care unit.
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Figure 1. Indication to surgery. CCA: cholangiocarcinoma; CRLM: colorectal liver metastasis; HCC:
hepatocellular carcinoma; NCRLM: non-colorectal liver metastasis.
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Figure 2. Type of liver resection. RLH: robotic left hepatectomy; RRH: robotic right hepatectomy;
RCH: robotic central hepatectomy; RELH: robotic extended left hepatectomy; RERH: robotic extended
right hepatectomy.

3.2. Comparison of Young Patients versus Elderly Patients

Patients were divided into two groups based on their age: 75 patients were aged
<65 years and 56 patients were aged ≥65 years old. In terms of preoperative characteristics,
a greater number of elderly patients were ASA III compared to the young group (42.9%
vs. 17.3%, p 0.001) and had a higher Charlson comorbidity score (5.8 vs. 4.3, p 0.001).
Cardiovascular diseases were more common in the elderly group compared to the young
group (33.9% vs. 14.7%, p 0.009) (Table 2). There were no differences in terms of intraopera-
tive data between the two groups (Table 3). The postoperative data highlighted a higher
incidence of prolonged pain in the elderly group compared to the young group (12.5 vs.
0%, p 0.002) and a major number of pulmonary infections in the elderly group (16.1 vs.
5.3%, p 0.042). In the elderly group, a longer ICU stay was reported compared to the young
group (0.79 ± 1.17 vs. 0.44 ± 0.70 days, p 0.042). Readmission within 90 days was more
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frequent in the elderly group compared to the young group (10 vs. 1.3%, p 0.042). After
matching the two groups for ASA and Charlson comorbidity score thanks to statistical
adjustment, there were no more differences between the two groups in terms of prolonged
pain, pulmonary infection, ICU stay, and readmission at 90 days (p 0.509, 0.883, 0.256, and
0.460, respectively) (Table 4).

Table 2. Patients and tumor characteristics in young patients compared to elderly patients.

Age (Years)

<65 ≥65

n = 75 n = 56 p

Age (yr), mean ± SD 54 ± 10 74 ± 5 <0.001
Male, n (%) 45 (60.0%) 33 (58.9%) 0.902
BMI (kg/m2), mean ± SD 26.4 ± 3.7 26.9 ± 3.5 0.479
ASA III score, n (%) 13 (17.3%) 24 (42.9%) 0.001
ASA IV score, n (%) 0 (0.0%) 0 (0.0%)
Charlson comorbidity score, mean ± SD 4.3 ± 2.4 5.8 ± 2.2 0.001
Previous open abdominal surgery, n (%) 6 (8.0%) 8 (14.3%) 0.249
Previous laparoscopic abdominal surgery, n (%) 6 (8.0%) 14 (25.0%) 0.007
Cardiovascular disease, n (%) 11 (14.7%) 19 (33.9%) 0.009
Pulmonary diseases, n (%) 5 (3.8%) 3 (5.4%) 0.651
Liver fibrosis, n (%) 19 (26.4%) 17 (30.9%) 0.575
MELD Score, mean ± SD 6.4 ± 0.7 7.1 ± 2.0 0.113
Preoperative chemotherapy, n (%) 21 (28.0%) 17 (30.4%) 0.769
Indication to surgery

CCA, n (%) 16 (21.3%) 12 (21.8%) 0.947
CRLM, n (%) 23 (30.7%) 16 (29.1%) 0.846
HCC, n (%) 16 (21.3%) 21 (38.2%) 0.035
NCRLM, n (%) 8 (10.7%) 1 (1.8%) 0.078
Benign, n (%) 12 (16.0%) 4 (7.3%) 0.135
Other, n (%) 0 (0.0%) 1 (1.8%) 0.423

Number of lesions, mean ± SD 1.8 ± 1.4 1.8 ± 1.5 0.899
Tumor: size of biggest lesion (mm), mean ± SD 50 ± 32 42 ± 26 0.161
Lesion non in contact with vessels, n (%) 19 (25.3%) 20 (37.0%) 0.153
Lesion in contact with vessels: portal branch, n (%) 16 (21.3%) 11 (20.4%) 0.894
Lesion in contact with vessels: hepatic vein, n (%) 26 (34.7%) 13 (24.1%) 0.196

SD: standard deviation; BMI: body mass index; ASA: American Society of Anesthesiologists; MELD: mayo end
stage liver disease; CCA: cholangiocarcinoma; CRLM: colorectal liver metastasis; HCC: hepatocellular carcinoma;
NCRLM: non colorectal liver metastasis.

Table 3. Intraoperative data relative to young patients compared to elderly patients.

Age (Years)

< 65 ≥ 65

n = 75 n = 56 p

Type of liver resection
Left hepatectomy, n (%) 39 (52.0%) 31 (55.4%) 0.703
Right hepatectomy, n (%) 35 (46.7%) 22 (39.3%) 0.399
Central hepatectomy, n (%) 1 (1.3%) 2 (3.6%) 0.576
Extended left hepatectomy, n (%) 0 (0.0%) 1 (1.8%) 0.427
Extended right hepatectomy, n (%) 0 (0.0%) 0 (0%)

Conversion to open, n (%) 7 (9.3%) 7 (12.5%) 0.562
Conversion to laparoscopy, n (%) 0 (0.0%) 0 (0.0%)
Operative time (min), mean ± SD 312 ± 109 358 ± 140 0.050
Estimated blood loss (mL), mean ± SD 282 ± 196 283 ± 241 0.968
Blood transfusion, n (%) 3 (4.4%) 2 (3.9%) 1.000
Pedicule clamping, n (%) 54 (72.0%) 36 (64.3%) 0.346
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Table 4. Postoperative data relative to young patients compared to elderly patients.

Age (Years)

< 65 ≥ 65 Adjusted

n = 75 n = 56 p p

Postoperative complications, n (%) 17 (23.3%) 18 (32.1%) 0.262
Biliary leakage, n (%) 3 (4.0%) 4 (7.1%) 0.460
Hemorrhage, n (%) 1 (1.3%) 1 (1.8%) 1.000
Prolonged pain, n (%) 0 (0.0%) 7 (12.5%) 0.002 0.509
Ascitis, n (%) 4 (5.3%) 1 (1.8%) 0.392
Pulmonary infection, n (%) 4 (5.3%) 9 (16.1%) 0.042 0.883
Severe complication (Clavien ≥ 3), n (%) 5 (6.7%) 8 (14.3%) 0.149
Re-intervention, n (%) 0 (0.0%) 0 (0.0%)
ICU stay (days), mean ± SD 0.44 ± 0.70 0.79 ± 1.17 0.042 0.256
Total hospital stay (days), mean ± SD 7 ± 6 6 ± 4 0.487
Surgical margins (mm), mean ± SD 7 ± 8 9 ± 9 0.430
R1 parenchymal, n (%) 4 (7%) 3 (8%) 1.000
R1vasc, n (%) 0 (0%) 0 (0%)
Complications after hospital discharge, n (%) 1 (1.3%) 6 (10.7%) 0.042 0.046
Readmission at 90 days, n (%) 1 (1.3%) 6 (10.7%) 0.042 0.460

ICU: intensive care unit; SD: standard deviation.

4. Discussion

The development of minimally invasive liver surgery has progressively improved,
with the approach increasing in safety and feasibility also with respect to major liver
resections. Use of robotic platforms has increased exponentially in the last 10 years, and
many studies have been published on the subject. The robotic technique is becoming the
future of minimally invasive surgery, overcoming the intrinsic limitations of laparoscopic
surgery and allowing highly complex procedures to be performed [3]. In 2018, the first
International Consensus Statement on robotic liver surgery was published [6]. However,
the lack of high-quality evidence on the benefits of the robotic liver resection had not
allowed for widespread implementation. In 2023, the new international experts consensus
guidelines on robotic liver resection [7] aimed to update clinical recommendations to
increase the implementation rate of robotic liver resections (RLRs). According to the
latest consensus, the robotic approach for major hepatectomies is as safe and feasible as
its laparoscopic and open counterparts. RLR has been shown to perform significantly
better in terms of estimated blood loss compared to laparoscopic liver resection (LLR)
and open liver resection (OLR). RLR has a lower conversion rate compared to LLR and a
shorter hospital stay compared to OLR. The weak point of RLR compared to the other two
techniques is the operating time, which was found to be longer in our study. The main
advantages of robotic surgery concern the improvement of surgical techniques: tremor
filter, dexterity given by the endowristed movements, augmented surgeon’s ergonomy, 3D
high-definition vision, use of indocyanine green images, intraoperative liver navigation,
and faster learning curves [4,5]. These benefits allow complex procedures such as major
hepatectomies or resections in the posterosuperior segments to be performed [1,2]. On
the other hand, the dissemination and application of robotic platforms have been limited
by the absence of tactile feedback, their high costs, and the scarcity of available surgical
instruments. The main aim of minimally invasive surgery is to improve patient outcomes,
and this is achieved through the reduction of postoperative complications, performance
of small skin incisions, a faster postoperative recovery, and a rapid return home. The
benefits of these techniques are greater for elderly and frail patients [8]. The definition of
elderly people concerns patients over 65 years old. In some studies, elderly patients were
divided into groups as follows: “young old” patients over 65 but under 75 years of age,
“intermediate old” patients over 75 but under 85 years of age, and “oldest old” patients over
85 years of age [14,15]. The increase in life expectancy and the accumulation of neoplastic
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pathologies over the years has led to an increase in the demand for surgeries on elderly
patients. For this reason, the elderlies are an object of interest in the literature [16].

Our study shows the feasibility and safety of robotic major liver resections. These
benefits were confirmed also for elderly patients after a comparative analysis with the
young population.

A total of 131 RMH were analyzed. We performed a further analysis to compare the
outcomes between young and elderly populations, with a cut off age of 65. Considering
the total population, a mean Charlson comorbidity score of 4.9 was found. A score above
5 is generally an expression of significant clinical commitment. In our total series, 10.7%
of patients had previous open abdominal surgery and 15.3% had previous laparoscopic
abdominal surgery. Previous abdominal surgery causes abdominal adhesions and is
associated with technical difficulties, but it does not represent a risk factor for longer
operating times or increased postoperative complications and can be performed safely
with a robotic approach [17]. Many patients, 28.3%, had underlying liver fibrosis with a
mean MELD score of 6.8 and a satisfactory liver function. Some authors have demonstrated
that RLR can be used for major liver resections in patients affected by cirrhotic disease,
obtaining less postoperative pain and shorter hospital stays without changing oncological
outcomes [16,18]. Despite the difference not being statistically significant, a lower incidence
of patients with a benign pathology was found in the elderly group. The presence of a higher
proportion of patients with malignant tumors plays a role in determining the risk of intra-
and postoperative events compared to younger patients where benign indications generally
occur in very healthy patients [19]. The main indications for RMH were colorectal liver
metastasis, CRLM (30%), and HCC (28.2%). The rate of conversion was 0% to laparoscopy
and 10.7% to the open approach in the total population, while it was 0% to laparoscopy
and 12.5% to the open approach in the elderly population. Thanks to the high degree
of movement and stereoscopic camera, the robotic platform provides advantages with
respect to the management of intraoperative complications, such as bleeding or difficult
exposure, often reported as causes of conversion in laparoscopic procedures [20]. According
to the international experts consensus guidelines on robotic liver resection published in
2023 [7], the robotic approach for major liver resections is significantly better in terms of
conversion rate compared to laparoscopic surgery. Yoshino et al. [21] showed that, for
major hepatectomies in elderly patients, the laparoscopic approach had a conversion rate
to open of 30%, compared to 2.6% for the robotic approach. An important benchmark in
liver surgery concerns blood loss. Most series in the literature demonstrate a reduction
in blood loss with the robotic approach compared to the laparoscopic one and this was
more marked in major hepatectomies [7,22,23]. The robotic platform, thanks to endowrist
technology, freedom of movement, and three-dimensional optics, can avoid injuries to
major vessels. It allows for accurate identification and dissection of vessels for inflow
and outflow control during liver resection [24]. In our series, the operative time was
332 min in the total population and 358 min in the elderly population, higher than that
reported in other studies analyzing major hepatectomies in elderly patients. Yoshino [19]
showed an average of 249 min and Sucandy [23] an average of 230 min in the elderly
population. Chong [25] reported an average of 317 min for robotic right and extended
right hepatectomy considering the entire population without age differences. In our total
series, overall postoperative complications occurred in 27.1% of patients, with a severe
complication rate of 9.9%. Chong [25] showed similar results when comparing robotic and
laparoscopic right and extended right hepatectomies, with a postoperative morbidity and
major postoperative morbidity of 30.9% and 10.9%, respectively, for the robotic approach.
Instead, considering our two groups, the overall postoperative complication rate in the
elderly group was 32.1%, with a severe postoperative complication rate of 14.3%, both of
which were not statistically different from the rates recorded in the young population. In
the literature, the reported morbidity rate of major hepatectomy in the elderly population is
greater than 40% [21]. A minimally invasive approach can reduce the rate of postoperative
complications, especially in frail patients [8,26]. Indeed, Zhang proved that robotic liver
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resection in elderly patients was associated with a lower complication rate compared
with the open liver resection (7.0% vs. 17.4% after PSM, p = 0.015) [16]. Our results
show a higher rate of postoperative pulmonary infection in the elderly group. Several
studies have reported that elderly patients have a higher incidence of cardiopulmonary
diseases [16,27,28]. With increasing age, the lung structure changes due to the loss of
collagen and elasticity of the parenchyma, predisposing individuals to this complication.
The average hospital stay was 6.6 days in our total series and 6 days in the elderly patients,
4 days longer than that reported by Yoshino for elderly patients [21]. Sucandy [23] reported
an average hospital stay of 5 days for elderly patients and 4 days for young patients. ICU
stay and 90 days readmission rates were higher in the elderly group, something which is
explained by the fact that they are fragile patients with numerous comorbidities, a lower
functional reserve, and a high rate of postoperative morbidity and mortality [29].

We homogenized the two groups (elderly and young patients) for ASA and Charlson
comorbidity score and, after adjustment, the variables prolonged pain, lung infection,
intensive care stay, complications after hospital discharge, and readmission at 90 days were
no longer significantly different between the two groups. It follows that, regardless of age,
comorbidities influence postoperative outcomes. This work has some limitations, first of all
regarding the retrospective enrollment and nonrandomized nature. Secondly, the absence
of long-term oncological outcomes due to ‘en cours’ follow-up. Thirdly, the enrollment of
all liver diseases both benign and malignant. Fourthly, the learning curve and changes in
indication for RLR could not be evaluated during the long study period for each center.

5. Conclusions

Robotic major liver resection can be considered a valid technique even in elderly
patients, as it is associated with satisfying short-term outcomes.

Author Contributions: Conceptualization, A.D. and R.M.; methodology, M.C. and R.I.; validation,
F.D.B. and L.A.; formal analysis, P.M. and A.B.; writing—original draft preparation, A.D.; writing—
review and editing, F.R. and P.P.; supervision, M.G.S., N.D.A. and T.P.; project administration, G.C.
and F.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study didn’t require the approval by the Ethics Com-
mittees because its retrospective nature.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy reasons.

Acknowledgments: Thanks to Piero Guida who performed the statistical analyses.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

MILS: minimally invasive liver surgery; RMH: robotic major hepatectomy; BMI: body
mass index; EASL: European Association for the Study of the Liver; ASA: American Society
of Anaesthesiologists; MELD: model for end-stage liver disease; RLH: robotic left hepatec-
tomy; RRH: robotic right hepatectomy; RCH: robotic central hepatectomy; RELH: robotic
extended left hepatectomy; RERH: robotic extended right hepatectomy; IOUS: intraoper-
ative ultrasound; ICU: intensive care unit; CCA: cholangiocarcinoma; CRLM: colorectal
liver metastasis; HCC: hepatocellular carcinoma; NCRLM: non colorectal liver metasta-
sis; RLR: robotic liver resection; LLR: laparoscopic liver resection; OLR: open liver resection.



Cancers 2024, 16, 2083 10 of 11

References
1. Casciola, L.; Patriti, A.; Ceccarelli, G.; Bartoli, A.; Ceribelli, C.; Spaziani, A. Robot-Assisted Parenchymal-Sparing Liver Surgery

Including Lesions Located in the Posterosuperior Segments. Surg. Endosc. 2011, 25, 3815–3824. [CrossRef] [PubMed]
2. Montalti, R.; Scuderi, V.; Patriti, A.; Vivarelli, M.; Troisi, R.I. Robotic Versus Laparoscopic Resections of Posterosuperior Segments

of The Liver: A Propensity Score-Matched Comparison. Surg. Endosc. 2016, 30, 1004–1013. [CrossRef] [PubMed]
3. Ciria, R.; Berardi, G.; Alconchel, F.; Briceño, J.; Choi, G.H.; Wu, Y.M.; Sugioka, A.; Troisi, R.I.; Salloum, C.; Soubrane, O.; et al. The

Impact of Robotics in Liver Surgery: A Worldwide Systematic Review and Short-Term Outcomes Meta-Analysis on 2728 Cases.
J. Hepatobiliary Pancreat. Sci. 2020, 29, 181–197. [CrossRef] [PubMed]

4. Idrees, K.; Bartlett, D.L. Robotic Liver Surgery. Surg. Clin. N. Am. 2010, 90, 761–774. [CrossRef] [PubMed]
5. Kitisin, K.; Packiam, V.; Bartlett, D.L.; Tsung, A. A Current Update on the Evolution of Robotic Liver Surgery. Minerva Chir. 2011,

66, 281–293. [PubMed]
6. Liu, R.; Wakabayashi, G.; Kim, H.-J.; Choi, G.-H.; Yiengpruksawan, A.; Fong, Y.; He, J.; Boggi, U.; Troisi, R.I.; Efanov, M.;

et al. International Consensus Statement on Robotic Hepatectomy Surgery in 2018. World J. Gastroenterol. 2019, 25, 1432–1444.
[CrossRef] [PubMed]

7. Liu, R.; Abu Hilal, M.; Wakabayashi, G.; Han, H.-S.; Palanivelu, C.; Boggi, U.; Hackert, T.; Kim, H.-J.; Wang, X.-Y.; Hu, M.-G.;
et al. International Experts Consensus Guidelines on Robotic Liver Resection in 2023. World J. Gastroenterol. 2023, 29, 4815–4830.
[CrossRef] [PubMed]

8. Delvecchio, A.; Conticchio, M.; Ratti, F.; Gelli, M.; Anelli, F.M.; Laurent, A.; Vitali, G.C.; Magistri, P.; Assirati, G.; Felli, E.; et al.
Laparoscopic Major Hepatectomy for Hepatocellular Carcinoma in Elderly Patients: A Multicentric Propensity Score-Based
Analysis. Surg. Endosc. 2020, 35, 3642–3652. [CrossRef] [PubMed]

9. Galle, P.R.; Forner, A.; Llovet, J.M.; Mazzaferro, V.; Piscaglia, F.; Raoul, J.L.; Schirmacher, P.; Vilgrain, V. EASL Clinical Practice
Guidelines: Management of Hepatocellular Carcinoma. J. Hepatol. 2018, 69, 182–236. [CrossRef]

10. Couinaud, C. Definition of Hepatic Anatomical Regions and Their Value During Hepatectomy (Author’s Transl). Chir. Mem.
L’academie Chir. 1980, 106, 103–108.

11. Strasberg, S.M.; Phillips, C. Use and Dissemination of the Brisbane 2000 Nomenclature of Liver Anatomy and Resections.
Ann. Surg. 2013, 257, 377–382. [CrossRef]

12. Bismuth, H. Revisiting Liver Anatomy and Terminology of Hepatectomies. Ann. Surg. 2013, 257, 383–386. [CrossRef] [PubMed]
13. Clavien, P.A.; Barkun, J.; De Oliveira, M.L.; Vauthey, J.N.; Dindo, D.; Schulick, R.D.; De Santibañes, E.; Pekolj, J.; Slanka-menac, K.;

Bassi, C.; et al. The Clavien-Dindo Classification of Surgical Complications: Five-Year Experience. Ann. Surg. 2009, 250, 187–196.
[CrossRef] [PubMed]

14. Orimo, H. Reviewing the definition of elderly. Nippon Ronen Igakkai Zasshi Jpn. J. Geriatr. 2006, 43, 27–34. [CrossRef] [PubMed]
15. Campion, E.W. The Oldest Old. N. Engl. J. Med. 1994, 330, 1819–1820. [CrossRef] [PubMed]
16. Zhang, X.-P.; Xu, S.; Hu, M.-G.; Zhao, Z.-M.; Wang, Z.-H.; Zhao, G.-D.; Li, C.-G.; Tan, X.-L.; Liu, R. Short- and Long-Term Outcomes

after Robotic and Open Liver Resection for Elderly Patients with Hepatocellular Carcinoma: A Propensity Score-Matched Study.
Surg. Endosc. 2022, 36, 8132–8143. [CrossRef] [PubMed]

17. Feldbrügge, L.; Galindo, S.A.O.; Frisch, O.; Benzing, C.; Krenzien, F.; Riddermann, A.; Kästner, A.; Nevermann, N.F.; Malinka, T.;
Schöning, W.; et al. Safety and Feasibility of Robotic Liver Resection after Previous Abdominal Surgeries. Surg. Endosc. 2021, 36,
2842–2849. [CrossRef] [PubMed]

18. Chen, P.-D.; Wu, C.-Y.; Hu, R.-H.; Chou, W.-H.; Lai, H.-S.; Liang, J.-T.; Lee, P.-H.; Wu, Y.-M. Robotic Versus Open Hepatectomy for
Hepatocellular Carcinoma: A Matched Comparison. Ann. Surg. Oncol. 2017, 24, 1021–1028. [CrossRef]

19. Sucandy, I.; Schlosser, S.; Bourdeau, T.; Spence, J.; Attili, A.; Ross, S.; Rosemurgy, A. Robotic Hepatectomy for Benign and
Malignant Liver Tumors. J. Robot. Surg. 2020, 14, 75–80. [CrossRef]

20. Conticchio, M.; Delvecchio, A.; Ferraro, V.; Stasi, M.; Casella, A.; Filippo, R.; Tedeschi, M.; Fiorentino, A.; Memeo, R. Robotic Liver
Resection: Report of Institutional First 100 Cases. Surg. Tech. Dev. 2023, 12, 176–187. [CrossRef]

21. Yoshino, O.; Wang, Y.; McCarron, F.; Motz, B.; Wang, H.; Baker, E.; Iannitti, D.; Martinie, J.B.; Vrochides, D. Major Hepatectomy in
Elderly Patients: Possible Benefit from Robotic Platform Utilization. Surg. Endosc. 2023, 37, 6228–6234. [CrossRef] [PubMed]

22. Tsung, A.; Geller, D.A.; Sukato, D.C.; Sabbaghian, S.; Tohme, S.; Steel, J.; Marsh, W.; Reddy, S.K.; Bartlett, D.L. Robotic Versus
Laparoscopic Hepatectomy. Ann. Surg. 2014, 259, 549–555. [CrossRef] [PubMed]

23. Sucandy, I.; Luberice, K.; Rivera-Espineira, G.; Krill, E.; Castro, M.; Bourdeau, T.; Ross, S.; Rosemurgy, A. Robotic Major
Hepatectomy: Influence of Age on Clinical Outcomes. Am. Surg. 2021, 87, 114–119. [CrossRef] [PubMed]

24. Liu, L.; Wang, Y.; Wu, T.; Lin, J.; Deng, L.; Jiang, J.; An, T. Robotic Versus Laparoscopic Major Hepatectomy for Hepatocellular
Carcinoma: Short-Term Outcomes from a Single Institution. BMC Surg. 2022, 22, 432. [CrossRef] [PubMed]

25. Chong, C.C.; Fuks, D.; Lee, K.-F.; Zhao, J.J.; Choi, G.H.; Sucandy, I.; Chiow, A.K.H.; Marino, M.V.; Gastaca, M.; Wang, X.; et al.
Propensity Score–Matched Analysis Comparing Robotic and Laparoscopic Right and Extended Right Hepatectomy. JAMA Surg.
2022, 157, 436–444. [CrossRef]

26. Nomi, T.; Hirokawa, F.; Kaibori, M.; Ueno, M.; Tanaka, S.; Hokuto, D.; Noda, T.; Nakai, T.; Ikoma, H.; Iida, H.; et al. Laparoscopic
Versus Open Liver Resection for Hepatocellular Carcinoma in Elderly Patients: A Multi-Centre Propensity Score-Based Analysis.
Surg. Endosc. 2019, 34, 658–666. [CrossRef] [PubMed]

https://doi.org/10.1007/s00464-011-1796-9
https://www.ncbi.nlm.nih.gov/pubmed/21656067
https://doi.org/10.1007/s00464-015-4284-9
https://www.ncbi.nlm.nih.gov/pubmed/26123328
https://doi.org/10.1002/jhbp.869
https://www.ncbi.nlm.nih.gov/pubmed/33200536
https://doi.org/10.1016/j.suc.2010.04.020
https://www.ncbi.nlm.nih.gov/pubmed/20637946
https://www.ncbi.nlm.nih.gov/pubmed/21873962
https://doi.org/10.3748/wjg.v25.i12.1432
https://www.ncbi.nlm.nih.gov/pubmed/30948907
https://doi.org/10.3748/wjg.v29.i32.4815
https://www.ncbi.nlm.nih.gov/pubmed/37701136
https://doi.org/10.1007/s00464-020-07843-7
https://www.ncbi.nlm.nih.gov/pubmed/32748269
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1097/sla.0b013e31825a01f6
https://doi.org/10.1097/sla.0b013e31827f171f
https://www.ncbi.nlm.nih.gov/pubmed/23386236
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://www.ncbi.nlm.nih.gov/pubmed/19638912
https://doi.org/10.3143/geriatrics.43.27
https://www.ncbi.nlm.nih.gov/pubmed/16521795
https://doi.org/10.1056/nejm199406233302509
https://www.ncbi.nlm.nih.gov/pubmed/8190160
https://doi.org/10.1007/s00464-022-09236-4
https://www.ncbi.nlm.nih.gov/pubmed/35534731
https://doi.org/10.1007/s00464-021-08572-1
https://www.ncbi.nlm.nih.gov/pubmed/34076760
https://doi.org/10.1245/s10434-016-5638-9
https://doi.org/10.1007/s11701-019-00935-0
https://doi.org/10.3390/std12040017
https://doi.org/10.1007/s00464-023-10062-5
https://www.ncbi.nlm.nih.gov/pubmed/37173594
https://doi.org/10.1097/sla.0000000000000250
https://www.ncbi.nlm.nih.gov/pubmed/24045442
https://doi.org/10.1177/0003134820945249
https://www.ncbi.nlm.nih.gov/pubmed/32841058
https://doi.org/10.1186/s12893-022-01882-8
https://www.ncbi.nlm.nih.gov/pubmed/36528768
https://doi.org/10.1001/jamasurg.2022.0161
https://doi.org/10.1007/s00464-019-06812-z
https://www.ncbi.nlm.nih.gov/pubmed/31093748


Cancers 2024, 16, 2083 11 of 11

27. Gorman, E.; Bukur, M.; Frangos, S.; DiMaggio, C.; Kozar, R.; Klein, M.; Pachter, H.L.; Berry, C. Increasing Age is Associated with
Worse Outcomes in Elderly Patients with Severe Liver Injury. Am. J. Surg. 2020, 220, 1308–1311. [CrossRef] [PubMed]

28. Kim, J.M.; Cho, B.I.; Kwon, C.H.D.; Joh, J.-W.; Park, J.B.; Lee, J.H.; Kim, S.J.; Paik, S.W.; Park, C.K. Hepatectomy Is a Reasonable
Option for Older Patients with Hepatocellular Carcinoma. Am. J. Surg. 2015, 209, 391–397. [CrossRef]

29. Story, D.A. Postoperative Complications in Elderly Patients and Their Significance for Long-Term Prognosis. Curr. Opin.
Anaesthesiol. 2008, 21, 375–379. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.amjsurg.2020.06.060
https://www.ncbi.nlm.nih.gov/pubmed/32653089
https://doi.org/10.1016/j.amjsurg.2013.06.010
https://doi.org/10.1097/aco.0b013e3282f889f8

	Introduction 
	Materials and Methods 
	Preoperative Data 
	Intraoperative Data 
	Postoperative Data and Short-Term Outcomes 
	Statistical Analysis 

	Results 
	Patients’ Characteristics and Perioperative Data 
	Comparison of Young Patients versus Elderly Patients 

	Discussion 
	Conclusions 
	References

