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Abstract
Background  Laparoscopic liver resection (LLR) for lesions in the posterosuperior segments (PSS) is challenging. Identify-
ing and minimizing risk factors for postoperative morbidity and mortality is crucial. This retrospective cohort study shares 
initial experiences with LLR of the PSS (VII, VIII, IVa) and wants to identify risk factors for clinically relevant postoperative 
complications (Clavien–Dindo grade ≥ III) in these patients.
Methods  We reviewed our prospective database for all patients who underwent LLR with at least one lesion in the PSS (April 
2018–October 2022). Uni- and multivariate analyses were carried out using binary logistic regression analysis.
Results  110 patients underwent LLR of the PSS. Median age was 67 years (IQR 59–76); 62% were male (n = 68), with a 
median BMI of 26 (IQR 23–30). The most frequent indications for LLR were primary liver cancer (37%) and colorectal 
liver metastasis (36%). Median operating time was 211 min (IQR 135–281) with a median blood loss of 460 mL (IQR 
240–1200). Postoperative length of stay was 6 days (IQR 4–8). Clinically relevant postoperative complications were present 
in 20 patients (18%) with a 90-day mortality rate of 5% (n = 6). Multivariate analyses identified ASA ≥ III (OR 3.23 [95%CI 
1.03–10.09]; p = 0.043), diabetes (OR 4.31 [95%CI 1.20–15.49]; p = 0.025), and intraoperative transfusion of packed red 
blood cells (PRBC) (OR 4.80 [95%CI 1.01–22.86]; p = 0.049) as risk factors for Clavien–Dindo grade ≥ III complications.
Conclusion  ASA ≥ III status, diabetes, and intraoperative PRBC transfusion are associated with an increased risk of Cla-
vien–Dindo grade ≥ III complications in patients undergoing LLR in PSS. Preoperative optimization should include diabetes 
management, screening for anemia with appropriate supplementation, and comprehensive risk counseling for ASA ≥ III 
patients. Additionally, minimizing intraoperative PRBC transfusion should remain a key perioperative goal.
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Laparoscopic hepatectomy has gained increasing popular-
ity among hepatobiliary surgeons due to lower morbidity 

rates as compared to open hepatectomy. However, laparo-
scopic hepatectomy of lesions located in the posterosuperior 
segments (PSS), i.e., VII, VIII and IVa, are still considered 
as challenging resections owing to the close proximity to 
hepatic veins with high risk of major bleeding, limited visu-
alization, and working space [1, 2]. Therefore, the interna-
tional Southampton consensus guidelines and the literature 
recommend that hepatectomy of posterosuperior segments 
be reserved for experts in minimally invasive liver surgery 
[3–5]. Some studies previously addressed the safety and 
feasibility of laparoscopic liver resection (LLR) in the PSS, 
resulting in improved short-term outcomes by choosing the 
laparoscopic approach [6–10]. Although patients undergoing 
LLR of PSS had fewer clinically relevant complications [6, 
7], a shorter length of hospital stay compared to the open 
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approach [6, 7, 9, 10], and significantly less intraoperative 
blood loss [6, 8, 10], concerns about LLR in the PSS have 
not been entirely eliminated. The interventions’ complexity 
can lead to adverse events during surgery, with a negative 
effect on the acceptance of the approach. The identification 
of potentially modifiable risk factors may help to minimize 
complications and to improve patient outcomes.

To our knowledge, this is the first single-center study in a 
western population investigating potential risk factors asso-
ciated with postoperative complications, in patients undergo-
ing LLR for lesions located in the PSS. Therefore, it was the 
aim of this study to identify potential risk factors associated 
with clinically relevant postoperative complications (Cla-
vien–Dindo grade ≥ III) in patients undergoing laparoscopic 
hepatic resection in the PSS. Furthermore, we aim to share 
our experience with LLR of the PSS at a European tertiary 
center.

Materials and methods

Study design

The study has been retrospectively registered within the Ger-
man Clinical Trials Register (DRKS00032298). The ethical 
review committee of the Heidelberg University, Medical 
Faculty Mannheim, approved this retrospective cohort study 
of a prospectively recorded data base (2019-753N-MA) and 
it has been carried out in accordance with the Declaration of 
Helsinki. Furthermore, the study was conducted in line with 
the STROCSS guidelines [11].

Informed consent for surgery as well as for data collec-
tion and analysis was given by all patients. All consecu-
tive patients who underwent LLR between April 2018 and 
October 2022 at the Department of Surgery, University 
Hospital Mannheim, Heidelberg University, Medical Fac-
ulty Mannheim were screened. Patients with at least one 
resected lesion in the PSS (VII, VIII, and IVa) were included 
in this study [12]. Exclusion criteria were laparoscopic right 
or left hepatectomy and patients undergoing laparoscopic 
two-staged hepatectomy.

Preoperative assessment, definitions, and outcomes

Demographic and clinical characteristics included age, sex, 
BMI, and preoperative status of patients according to the 
ASA status classification. Other factors were diabetes melli-
tus, cardiovascular comorbidities (hypertension, atrial fibril-
lation, coronary heart disease, heart failure, valve diseases), 
pulmonary comorbidities (chronic obstructive pulmonary 
disease, asthma, pulmonary fibrosis, hypertension), renal 
insufficiency, neurological/psychological comorbidities (his-
tory of stroke, depression), and smoking status. Medication 

use (antihypertensives, platelet inhibitors, diabetes medica-
tion, lipid-lowering agents, endocrinological medication 
[thyroids, hormones], proton pump inhibitors, bronchodila-
tors, neurological/psychiatric medication, steroids) was also 
recorded. Additionally, the indication for surgery (benign vs. 
malignant) as well as history of previous abdominal surgery 
and/or hepatic resection were noted [13].

Preoperative laboratory tests assessed included (refer-
ence values in parentheses) albumin [≥ 35 g/L], bilirubin 
[ ≤ 1.2 mg/dL], alanine aminotransferase [0–50 U/L), aspar-
tate aminotransferase [0–50 U/L), creatinine [ ≤ 1.4 mg/dL], 
hemoglobin [≥ 13 g/dL], platelets [145–348 × 109/L], and 
international normalized ratio (INR) [0.9–1.15]. A multidis-
ciplinary board confirmed the indication for surgical resec-
tion in all oncological patients. In case of hepatocellular 
carcinoma (HCC), the etiology, e.g., alcohol, non-alcoholic 
steatohepatitis, autoimmune, and viral, was documented. 
The revised Child–Pugh scoring system was used in the case 
of cirrhosis [14].

Endpoints included operating time, total blood loss, 
extent of resection, intra- and postoperative transfusion 
(within 48 h after surgery), postoperative morbidity and 
mortality, pathologic characteristics as well as postopera-
tive length of hospital stay. The extent of liver resection was 
classified using the Brisbane nomenclature and Couinaud’s 
segmentation. Anatomic liver resections were performed 
according to Couinaud’s portal segmentation corresponding 
to an entirely removal of a portal territory with its respec-
tive parenchyma [15]. The decision between anatomic and 
non-anatomic hepatectomy was based on the tumor related 
factors (infiltration of primary or secondary portal/biliary 
branches), future liver remnant, and surgeon’s discretion. 
Major hepatectomy was defined as anatomic resection of at 
least three liver segments [16]. The IWATE score was used 
to evaluate the difficulty of LLR in the PSS [17].

Postoperative complications within 90 days were graded 
using the Clavien–Dindo classification [18]. Clinically 
relevant postoperative complications were defined as Cla-
vien–Dindo grade ≥ III. Hepatectomy-specific complica-
tions, such as post-hepatectomy hemorrhage (PHH), post-
hepatectomy bile leakage (PHBL), and post-hepatectomy 
liver failure (PHLF), were assessed according to the criteria 
of the International Study Group of Liver Surgery (ISGLS) 
[19–21]. The readmission rate was defined as hospital read-
mission within 90 days after the index operation.

Surgical and anesthesiologic management

Surgery was performed under general anesthesia. Patients 
were positioned in the French position with reversed Tren-
delenburg, slightly tilted left, and secured on a vacuum 
mattress. A wedge cushion ensured optimal exposure of the 
right hemithorax and abdomen. The right arm was carefully 
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placed laterally, maintaining a safe 90-degree range (Fig. 1). 
Generally, four abdominal trocars were used (two 12 mm 
and two 5 mm ports), with additional trocars placed at the 
surgeon’s discretion if needed. No trans-thoracic or intercos-
tal ports were used. A capnoperitoneum of 12 mmHg was 
established, and the abdomen was explored for extrahepatic 
disease. Intraoperative ultrasound was routinely performed 
to detect previously unrecognized lesions and to deline-
ate the resection planes. For exposure of the PSS the right 
hemiliver was completely mobilized.

Liver transection was carried out under low central 
venous pressure [22–26], using the crush-clamp technique 
in combination with an energy device [24], as described 
previously. Vascular and biliary structures larger than 
2 mm in diameter were divided using titanium (®Braun) or 

Hem-o-Lok (®WECK) clips. The specimen was retrieved 
through a Pfannenstiel incision, using a tissue bag. No 
abdominal drains were placed. Patients who underwent 
major resections were monitored on an intermediate care 
unit overnight. Oral fluid intake was allowed on the day of 
surgery, with food intake resuming on the first postopera-
tive day.

Statistical analysis

Categorical data were presented by absolute and relative fre-
quencies (percentage) and compared using Pearson’s χ2 test 
or Fisher’s exact test. Quantitative data were summarized 
as mean (standard deviation) or median (interquartile range 
(IQR) or 95% confidence interval (95%CI) and compared 
using the unpaired 2-tailed t test or Mann–Whitney U test, 
based on the distribution pattern. For univariate compari-
sons, χ2 analysis or Fisher’s exact tests were used to evalu-
ate categorical variables; alternatively, continuous variables 
were analyzed using the Student’s t test and Wilcoxon rank-
sum test for normally and non-normally distributed data, 
respectively.

Multivariate binary logistic regression analysis was per-
formed to identify risk factors associated with clinically 
relevant postoperative complications (Clavien–Dindo ≥ III) 
(p < 0.05 for entry; p > 0.05 for removal). To assess the inde-
pendence of risk factors, significant pre- and intraoperative 
variables from the univariate analysis were included in the 
multivariate analysis. Operative time and intraoperative 
blood loss were excluded from both uni- and multivariate 
analyses due to their strong dependence on patient and tumor 
characteristics, as well as the type of resection. Their inclu-
sion could introduce bias, as prolonged operative time and 
high blood loss often reflect more technically challenging 
resections rather than serving as independent predictors of 
complications. Additionally, operative time is influenced by 
external factors, such as operating room logistics. Instead 
of intraoperative blood loss, we included transfusions in the 
uni- and multivariate analyses, as postoperative transfusions 
have a greater impact on patient outcomes. P values < 0.05 
were defined as statistically significant. SAS-Version 9.4 
(SAS Institute) was used for all statistical analyses.

Results

Patient characteristics

Out of 381 patients who underwent laparoscopic hepatec-
tomy, a total of 110 patients underwent LLR for lesions in 
the PSS and were included in this study (Fig. 2). Patient 
characteristics are outlined in Table 1. The median age was 
67 years (IQR 59–76 years), with a majority being male 

Fig. 1   Trocar placement (A) and patient position (B). Patients were 
positioned in the French position with reversed Trendelenburg, 
slightly tilted left, and secured on a vacuum mattress. A wedge cush-
ion ensured optimal exposure of the right hemithorax and abdomen. 
Typically, four trocars (two 12 mm and two 5 mm) were arranged in 
a reversed L-shape, which might be used for laparotomy. For clarity, 
the illustration of the laterally displaced arm has been omitted in B 
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(n = 68, 62%). Cardiovascular comorbidities were present in 
66 patients (60%), diabetes in 28 patients (25%), and pulmo-
nary comorbidities in 17 patients (15%). The most common 
medications were antihypertensives (n = 62; 65%), followed 
by platelet inhibitors (n = 38; 35%).

Primary liver malignancy was present in a total of 41 
patients (37%) and secondary liver malignancy in 57 patients 
(52%). In case of primary liver malignancy, 30 patients had 
HCC and eleven had intrahepatic cholangiocarcinoma, 
whereas CRLM were the most common indication for sur-
gery in case of secondary liver malignancy. A total of 24 
patients (22%) had liver cirrhosis, predominantly Child A 
88% (n = 21) and three patients (12%) Child B. Alcohol and 
viral hepatitis each caused HCC in twelve patients (11%), 
while steatohepatitis was present in a total of six patients 
(5%). The majority of patients (n = 75, 68%) had previous 
abdominal surgeries, including 26 (24%) with previous hepa-
tectomies. The median difficulty score was 7 (IQR 5–10), 
with 51% (n = 56) classified as advanced/ expert LLR cases.

Operative procedures and intraoperative outcomes

The operative details are summarized in Table 2. Major 
hepatectomy was performed in twelve patients (11%). A 
slightly higher proportion of patients (n = 57, 62%) under-
went an anatomic resection. Among the 110 patients, eight 
(7%) underwent an extrahepatic resection, including four 
(4%) partial diaphragm resections, four (4%) colonic, one 

(1%) pancreas, and one (1%) kidney/adrenal gland resec-
tion. The combined colonic resections were planned due 
to subtotal stenotic primary tumors.

Median blood loss was 460 mL (IQR 240–1200 mL) 
and median operating time 211 min (IQR 135–281 min). 
Intraoperative transfusion of packed red blood cells or 
fresh frozen plasma was median 0 (IQR 0–1) each with 
30 (27%) and 41 (37%) patients, respectively, receiv-
ing transfusions. The median age of the 30 patients who 
received an intraoperative transfusion of packed red blood 
cells was 68 years (IQR 63–79 years), and 80% (n = 24) 
had preoperative anemia. Nearly three-quarters of these 
patients (n = 22, 73%) had at least one of the following 
comorbidities: cardiovascular disease, pulmonary disease, 
or diabetes. Positive resection margins were observed in 
five patients (5%), involving one case each of intrahepatic 
cholangiocarcinoma and HCC and three cases of colorec-
tal liver metastases, all parenchymatous.

Conversion to open surgery was required in eight cases 
(7%). Five out of the eight patients with the need of lapa-
rotomy had Child B liver cirrhosis with severe rigid livers, 
intrahepatic shunts, and consecutive diffuse intraoperative 
hemorrhage. All of these five patients received intraopera-
tive transfusion of packed red blood cells. Two patients 
underwent conversion to laparotomy at the beginning of 
surgery due to extensive adhesions with the need of adhe-
siolysis of several hours. One patient required partial vena 
cava resection and reconstruction due to tumor infiltration.

Fig. 2   Patient flow chart
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Postoperative outcome

Postoperative outcomes are summarized in Table 3. The 
majority of patients (n = 58, 53%) underwent LLR in the PSS 
without any complication according to the Clavien–Dindo 
classification. Clinically relevant postoperative compli-
cations (Clavien–Dindo ≥ III) were present in 20 patients 
(18%). Hepatectomy-specific complications included PHBL 
(ISGLS) Grade B/C in nine out of ten patients, PHLF 
(ISGLS) Grade B/C in seven out of nine, and PPH (ISGLS) 
Grade B/C in three out of six. Invasive re-interventions, i.e., 
radiologic drainage were required in 18 patients and relapa-
rotomy in eight.

The 90-day mortality rate was 5% (n = 6), all due to sep-
sis with multiorgan failure. These patients had extensive 

Table 1   Patient characteristics

Data are shown as n (%) or median (interquartile range)
ASA American Society of Anesthesiologists, BMI body mass index, 
kg kilogram, m meter, Other other secondary liver malignancies: six 
breast cancer, two pancreatic adenocarcinoma, two leiomyosarcoma 
of the uterus and, respectively, one each: laryngeal carcinoma, ade-
nocarcinoma of the gastroesophageal junction, distal cholangiocar-
cinoma, clear renal cell carcinoma, prostate cancer, neuroendocrinal 
tumor, and forehead squamous cell carcinoma, Benign benign lesions: 
six echinococcus cyst, three hemangiomas, two focal nodal hyperpla-

N = 110

Age (years) 67 (59–76)
Sex ratio (male:female) 68:42
BMI (kg/m2) 26 (23–30)
ASA ≥ III 50 (45)
Cardiovascular comorbidities 66 (60)
Diabetes 28 (25)
Pulmonary comorbidities 17 (15)
Neurological/psychiatrical comorbidities 9 (8)
Renal insufficiency 4 (4)
Smoking 16 (15)
Cirrhosis 24 (22)
 Child A 21 (19)
 Child B 3 (3)

Antihypertensive medication 62 (65)
Platelet inhibitors 38 (35)
Diabetes medication 28 (25)
Lipid lowering medication 25 (23)
Proton pump inhibitors 24 (22)
Bronchodilative medication 7 (6)
Neurological/ psychiatrical medication 9 (8)
Steroid medication 5 (5)
Diagnosis
 Hepatocellular carcinoma 30 (27)
 Intrahepatic cholangiocarcinoma 11 (10)
 Colorectal liver metastasis 40 (36)
 Other 17 (15)

Benign 12 (11)
Largest tumor size (cm) 2.8 (1.8–4.4)
Previous abdominal surgery 75 (68)
Previous hepatic resection 26 (24)
Preoperative blood values
 Albumin (g/L) 37.0 (34.0–40.3)
 Bilirubin (mg/dL) 0.5 (0.4–0.7)
 Gamma-glutamyl transferase (U/L) 49 (28–107)
 Alanine aminotransferase (U/L) 29 (20–43)
 Aspartate aminotransferase (U/L) 26 (20–35)
 International normalized ratio 1.0 (1.0–1.1)
 Creatinine (mg/dL) 0.8 (0.7–1.0)
 Hemoglobin (g/dL) 13.6 (11.4–14.5)
 Platelets (10E9/L) 220 (172–291)

Difficulty scorea 7 (5–10)
Difficulty levela

 Intermediate 54 (49)
 Advanced 27 (25)
 Expert 29 (26)

sia, and one primary sclerosing cholangitis, cm centimeter, g gram,, L 
liter, mg milligram, dL deciliter, U units
a IWATE criteria

Table 1   (continued)

Table 2   Operative characteristics

Data are shown as n (%) or median (interquartile range)
min minutes, mL milliliter, PRBC packed red blood cells, FFP fresh 
frozen plasma, IVC infrahepatic vena cava clamping
a R1-status of all resections due to malignancy

N = 110

Surgical procedure
 Anatomic resections 57 (52)
  Number of anatomic resections 2 (1–2)
  Segmentectomy 25 (23)
  Bisegementectomy 20 (18)
   Right anterior sectionectomy 4 (4)
   Right posterior sectionectomy 11 (10)
   Other bisegmentectomy 5 (5)
  Other segmentectomy of 3 segments 8 (7)
  Central hepatectomy 4 (4)

 Non-anatomic resections 53 (48)
  Number of non-anatomic resections 1 (1–2)
   One partial resection 27 (25)
   Two or more partial resection 26 (24)

Operating time (min) 211 (135–281)
Blood loss (mL) 460 (240–1200)
Pringle maneuver 64 (58)
 Duration, min 57 (30–87)

IVC-clamping 10 (9)
 Duration, min 64 (59–68)

Intraoperative PRBC transfusion 30 (27)
Intraoperative FFP transfusion 41 (37)
R1 statusa 5 (5)
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comorbidities, including cardiorenal dysfunction and insu-
lin-dependent diabetes mellitus. The median age of the six 
multimorbid patients was 72 years (IQR 63–82). The median 
POD to death was 41 (IQR 19–64). Four of these cases fol-
lowed anatomic LLR in the PSS, while two followed non-
anatomic resections. The first patient who died from sepsis 
and multiorgan failure after an anatomic hepatectomy in the 
PSS did not recover from PHH Grade C and developed a 
superinfected intraabdominal hematoma. The second patient 
developed pneumonia, worsening Child A liver cirrhosis, 
and a Grade C PHBL. The third and fourth patients within 
the anatomic LLR in the PSS did not recover from Grade C 
PHBL and required relaparotomy due to colonic ischemia. 
The first patient who died due to sepsis with multiorgan 
failure after non-anatomical LLR in the PSS resection did 

not recover from Grade C PHBL and multiple progressive 
cholangiocellular abscesses. The second patient also did not 
recover from Grade C PHH following a converted atypical 
hepatectomy and required relaparotomy due to a superin-
fected hematoma. Postoperative transfusion of packed red 
blood cells and fresh frozen plasma received six patients 
(5%) each.

The median postoperative length of hospital stay was 
6 days (IQR 4–8 days). The median length of stay on the 
intermediate care unit was one day (IQR 1–2 days). Overall, 
ten (9%) patients were administered to an intensive care unit 
(ICU), with a median stay of two days.

Predictors of postoperative outcome

To evaluate the independent predictive value of clinicopatho-
logical factors associated with the occurrence of clinically 
relevant postoperative complications (Clavien–Dindo ≥ III) 
for LLR of the PSS, we performed both univariate and mul-
tivariate analyses (Table 4).

Univariate analysis identified ASA grade ≥ III (p < 0.001), 
diabetes (p < 0.001), preoperative alanine aminotransferase 
value (p = 0.023), and intraoperative transfusion of packed 
red blood cells (p < 0.001) as well as fresh frozen plasma 
(p = 0.005) to be significantly associated with clinically rel-
evant postoperative complications (Clavien–Dindo ≥ III) (all 
p < 0.05).

Multivariate analyses identified ASA grade ≥ III (odds 
ratio (OR) 3.23 [95% CI 1.03–10.09]; p = 0.043), diabetes 
(OR 4.31 [95% CI 1.20–15.49]; p = 0.025) and intraopera-
tive transfusion of packed red blood cells (OR 4.80 [95% 
CI 1.01–22.86]; p = 0.049) as independent factors for Cla-
vien–Dindo ≥ III complications.

Discussion

In this retrospective cohort study, we evaluated the impact of 
potential risk factors associated with the occurrence of clini-
cally relevant postoperative complications (Clavien–Dindo 
grade ≥ III) following laparoscopic hepatectomy for lesions 
located in the PSS. Moreover, we aim to share our experi-
ences with LLR of the PSS at a European tertiary center.

We conducted multivariate analyses to identify risk fac-
tors for Clavien–Dindo ≥ III complications. The presence of 
diabetes, ASA grade ≥ III, and intraoperative transfusion of 
packed red blood cells were independent predictors of clini-
cally relevant postoperative complications following LLR 
of the PSS. These findings are in line with previous studies 
focusing on predictors of complications, particularly in open 
hepatectomy and LLR of other segments. Prior research has 
indicated higher rates of PHLF in patients with type 2 dia-
betes and increased major complication rates in those with 

Table 3   Postoperative outcome

Data are shown as n (%) or median (interquartile range)
a Clavien–Dindo classification
b International Study Group of Liver Surgery; PTCD percutaneous 
transhepatic cholangial drainage, PRBC packed red blood cells, FFP 
fresh frozen plasma
c Within < 48 h after surgery; IMC Intermediate Care Unit

N = 110

Postoperative complicationsa

 None 58 (53)
 Grade I 20 (18)
 Grade II 12 (11)
 Grade IIIA 5 (5)
 Grade IIIB 5 (5)
 Grade IV 4 (4)
 Grade V 6 (5)

Clinically relevant complicationsa

 < Grade III 32 (29)
 ≥ Grade III 20 (18)

Type of complications
 Posthepatectomy bile leakageb 10 (9)
 Posthepatectomy liver failureb 9 (8)
 Posthepatectomy hemorrhageb 6 (5)
 Intraabdominal abscess 8 (7)
 Wound infection 6 (5)

Invasive interventions 18 (16)
 Radiologic drainage 13 (12)
 Endoscopic intervention 8 (7)
 PTCD 1 (1)

Postoperative PRBC transfusionc 5 (5)
Postoperative FFP transfusionc 6 (5)
Relaparotomy 8 (7)
Readmission 8 (7)
IMC stay (days) 1 (1–2)
Postoperative length of stay (days) 6 (4–8)
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Table 4   Clinicopathological factors associated with clinically relevant complications (Clavien–Dindo ≥ III)

Data are shown as n (%) or median (interquartile range)
LLR laparoscopic liver resection, OR odds ratio, CI confidence interval, ASA American Society of Anesthesiologists BMI body mass index, kg kilogram, m meter, 
cm centimeter
a IWATE Criteria; g gram, L liter, mg milligram, dL deciliter, U units
b Defined as resection of more than two anatomic segments; IVC infrahepatic vena cava clamping, min minutes, PRBC packed red blood cells, FFP fresh frozen plasma
c Within < 48 h after surgery; Values in bold, p < 0.05

Univariate Multivariate

Clavien–Dindo ≥ III (N = 20) vs. Clavien–Dindo ≤ 2 
(N = 90)

P value OR (95% CI) P value

Age (years) 71 (63.0–78.0) 66 (58.0–75.0) 0.251
Male sex 15 (75) 53 (58) 0.180
BMI > 30 (kg/m2) 6 (30) 21 (23) 0.449
ASA ≥ III 16 (80) 34 (38) < 0.001 3.239 (1.039–10.099) 0.043
Cardiovascular comorbidities 14 (70) 52 (58) 0.428
Diabetes 11 (55) 17 (19) < 0.001 4.317 (1.203–15.495) 0.025
Pulmonary comorbidities 3 (15) 14 (16) 0.652
Neurological/psychiatrical comorbidities 1 (5) 8 (9) 0.543
Renal insufficiency 1 (5) 3 (3) 0.749
Smoking 4 (20) 12 (13) 0.444
Cirrhosis 7 (35) 17 (19) 0.115
Antihypertensive medication 13 (65) 39 (43) 0.497
Platelet inhibitors 8 (40) 30 (33) 0.686
Lipid lowering medication 4 (20) 21 (23) 0.642
Proton pump inhibitors 4 (20) 20 (22) 0.868
Bronchodilative medication 0 7 (8) 0.180
Neurological/psychiatrical medication 1 (5) 8 (9) 0.534
Primary liver malignancy 11 (55) 30 (33) 0.070
Secondary liver malignancy 9 (45) 48 (53) 0.500
Largest tumor size (cm) 3.5 (2.0–6.5) 2.7 (1.8–4.2) 0.250
Difficulty scorea 7 (5–9) 7 (5–10) 0.627
Previous abdominal surgery 12 (60) 66 (84) 0.385
Previous hepatic resection 6 (30) 20 (22) 0.459
Preoperative blood values
 Albumin (g/L) 36.5 (31.6–38.2) 37.3 (34.1–40.6) 0.078
 Bilirubin (mg/dL) 0.5 (0.4–0.9) 0.5 (0.4–0.7) 0.585
 Gamma-glutamyl transferase (U/L) 70 (37–134) 46 (27–99) 0.228
 Alanine aminotransferase (U/L) 36 (20–50) 26 (20–39) 0.023 1.005 (0.995–1.016) 0.296
 Aspartate aminotransferase (U/L) 48 (24–60) 48 (19–38) 0.065
 International normalized ratio 1.0 (1.0–1.1) 1.1 (1.0–1.1) 0.792
 Creatinine (mg/dL) 0.9 (0.7–1.0) 0.8 (0.7–1.0) 0.569
 Hemoglobin (g/dL) 13.3 (10.1–14.2) 13.6 (12.0–14.6) 0.156
 Platelets (10E9/L) 207 (143–309) 224 (176–283) 0.483

Anatomic LLR vs. non-anatomic LLR 10 (50) 47 (52) 0.857
Segmentectomy vs. bisegmentectomy or more 5 (25) vs. 5 (25) 20 (22) vs. 27 (30) 0.667
One vs. two or more partial resections 4 (20) vs. 6 (30) 23 (25) vs. 20 (22) 0.442
Major hepatectomyb 3 (15) 9 (10) 0.516
Extrahepatic resection 3 (15) 5 (6) 0.141
Pringle maneuver 11 (55) 53 (59) 0.750
 Duration, min 75 (40–100) 45 (28–82) 0.256

IVC-Clamping 2 (10) 8 (9) 0.876
 Duration, min 107 (83–130) 67 (42–96) 0.667

Intraoperative PRBC transfusion 12 (60) 18 (20) < 0.001 4.805 (1.010–22.868) 0.049
Intraoperative FFP transfusion 13 (65) 28 (31) 0.005 0.791 (0.160–3.935) 0.775
Postoperative PRBC transfusionc 2 (10) 3 (3) 0.195
Postoperative FFP transfusionc 2 (10) 3 (3) 0.195
Conversion to open surgery 3 (15) 5 (6) 0.141
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insulin-dependent diabetes mellitus [27, 28]. In our study, 
39% of patients (eleven out of 28) had insulin-dependentdi-
abetes mellitus. Out of the nine patients with clinically rel-
evant postoperative complications and concomitant diabetes, 
six (66%) patients were insulin dependent.

The ASA score is a widely used measure of patient’s 
overall physical health. Furthermore, it is significantly and 
independently associated with medical complications and 
mortality following various surgical procedures [29]. In 
accordance with this, an ASA score ≥ III is a well-known 
predictor of postoperative morbidity after hepatectomy and 
was confirmed by our study [30–32].

Intraoperative transfusion of PRBCs is a recognized risk 
factor for postoperative morbidity after liver resection, as 
demonstrated in various studies and meta-analyses across 
different surgical approaches in liver surgery [33, 34]. This 
study, through multivariate analyses, is to our knowledge 
the first one to reveal the negative impact of intraoperative 
PRBC transfusion on the occurrence of clinically relevant 
postoperative complications for LLR in the PSS. Previous 
research by Tranchart et al., which also employed multivari-
ate analysis to assess risk factors for postoperative compli-
cations after LLR, had fewer patients undergoing resection 
in the PSS. In their study, the association between intra-
operative transfusion and clinically relevant postoperative 
complications was only observed in univariate analysis [35].

A potential strategy to minimize the intraoperative PRBC 
transfusion rate is preoperative screening for anemia. In 
cases of iron deficiency anemia, preoperative optimization 
with intravenous iron should be considered if time to surgery 
is limited or if the patient is intolerant or unresponsive to 
oral iron supplementation [36]. At the time of the analyses 
study period, this strategy was not routinely implemented 
at our center.

It is widely accepted that bleeding at the liver transection 
surface is influenced by the difference between intraabdomi-
nal and hepatic venous pressures, which in turn correlates 
with central venous pressure. Therefore, another strategy to 
reduce intraoperative PRBC transfusion is the implemen-
tation of the following intraoperative precautions, which 
are also recommended by current guidelines for managing 
bleeding in minimally invasive liver resection: (1) maintain-
ing an intraabdominal pressure greater than 10 mmHg, (2) 
inflow control through portal triad clamping, and (3) outflow 
control by maintaining a low central venous pressure [37, 
38]. Therefore we performed parenchymal transection under 
low central venous pressure (CVP) with the following condi-
tions: (i) CO2 pneumoperitoneum maintained at 15 mmHg, 
(ii) a reversed Trendelenburg position, and (iii) intermittent 
Pringle maneuvers (with a maximum of 15 min of ischemia 
followed by 5 min of reperfusion) [22–26].

In previous studies on short-term outcomes after 
LLR for lesions in the PSS, the rate of clinically relevant 

complications (Clavien–Dindo ≥ III) varies from 2.3% [39] 
to 21.1% [40]. In line with the aforementioned literature, our 
study observed a rate of 18% (20 patients) with clinically 
relevant complications. The most frequent complication in 
our study was post-hepatectomy bile leakage, present in 10 
patients (9%), which is consistent with previous data report-
ing PHBL rates between 3.6 and 6.8% [35, 41]. However, 
direct comparisons are challenging since most of the studies 
did not use the ISGLS classifications for specific complica-
tions. The median postoperative length of stay in our study 
was 6 days, consistent with previous reports on LLR of the 
PSS (range: 2 to 9 days) [42, 43].

Regarding the postoperative mortality, the rate in the lit-
erature ranged from 0% [9] up to 8% [44], with some authors 
reporting only 30-day mortality rates [42, 45]. In this study, 
the 30-day mortality rate was 4% (4 patients), while the 
overall 90-day mortality rate after LLR for lesions located in 
the PSS was 5% (six patients), and all except of one patient 
with iCC, suffered from HCC with liver cirrhosis. This is 
consistent with findings by Tranchart et al. [35], showing 
that HCC and liver cirrhosis were associated with most cases 
of postoperative mortality. Moreover, the primary cause of 
death in both studies was multiorgan failure.

Laparoscopic liver resection for lesions located in the PS 
segments is technically challenging and requires a standard-
ized surgical approach. While various trocar placements are 
described in the current literature [43, 46–50], we estab-
lished a totally laparoscopic standardized approach of 4 tro-
cars, which are arranged along the reversed L-shape, which 
might be used for laparotomy [22–24, 26]. We use an ante-
rior approach and the patient is placed in French position 
[51]. Compared to other studies, neither inter- or transcos-
tal trocar placement nor a hand-assisted approaches (HAA) 
were performed in this study [43, 46, 47, 52]. Opening of 
the thoracic cavity might lead to a higher risk of compli-
cations and prolong operative time [48, 49]. However, the 
HAA is not required to be able to perform a safe LLR of 
PS segments and the possible advantage of the HAA (e.g., 
tactile sensation) might be overcome by the necessity of a 
lager incision bearing the risk of hand-port incisional hernia, 
increased postoperative pain, and air leakage [50].

There are some limitations in the present study. First, as 
a single-center study with a retrospective design, selection 
and reporting biases cannot be excluded. This may partly 
explain why well-known risk factors for Clavien–Dindo ≥ III 
complications, such as BMI and cirrhosis, were not identi-
fied as significant predictors in our analysis. The low overall 
incidence of these factors in our cohort may have contributed 
to this finding. Second, due to the short follow-up period, 
oncological long-term outcomes are missing. Third, larger 
sample sizes respectively metanalysis are needed to confirm 
our results. Fourth, due to the retrospective nature of the 
study, data on HbA1C levels, daily urinary sugar in diabetic 
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patients, and malnutrition status are missing. Future research 
should address this gap. Fifth, future studies should explore 
targeted interventions to reduce failure-to-rescue rates due to 
sepsis. Strategies such as implementing a multidisciplinary 
team—including intensivists, nutritionists, and infectious 
disease specialists—could help optimize postoperative care, 
particularly for high-risk patients.

Conclusion

Considering the postoperative outcomes of our study, in 
multivariate analyses ASA ≥ III, the presence of diabetes and 
intraoperative transfusion of packed red blood cells were risk 
factors associated with an increased risk of Clavien–Dindo 
grade ≥ III in patients undergoing LLR in PSS. Furthermore, 
avoidance of intraoperative transfusion of packed red blood 
cells should be a major objective of perioperative care of 
patients undergoing LLR in the PSS. Therefore, diabetes 
should be optimized as much as possible, and patients should 
be screened for anemia and provided with appropriate sup-
plementation as part of preoperative planning for LLR in 
the PSS. In addition, patients with an ASA ≥ III should be 
distinctively regarded as high-risk patients and should be 
well informed about their increased risk of the occurrence 
of postoperative complications.

Acknowledgements  The research methodology used was not 
preregistered.

Author contributions  Conceptualization, Patrick Téoule, Emrullah 
Birgin, and Nuh N. Rahbari; Data curation, Patrick Téoule, Niccolo 
Dunker, Vanessa Gölz, Erik Rasbach, Christoph Reissfelder, Emrullah 
Birgin, and Nuh N. Rahbari; Formal analysis, Patrick Téoule, Niccolo 
Dunker, Emrullah Birgin, and Nuh N. Rahbari; Investigation, Patrick 
Téoule, Niccolo Dunker, Emrullah Birgin, and Nuh N. Rahbari; Meth-
odology, Patrick Téoule and Niccolo Dunker; Project administration, 
Patrick Téoule and Niccolo Dunker; Supervision, Emrullah Birgin and 
Nuh N. Rahbari; Visualization, Patrick Téoule and Nuh N. Rahbari; 
Writing – original draft, Patrick Téoule, Niccolo Dunker, Emrullah 
Birgin, and Nuh N. Rahbari; Writing – review, editing & final approval, 
Patrick Téoule, Niccolo Dunker, Vanessa Gölz, Erik Rasbach, Chris-
toph Reissfelder, Emrullah Birgin, and Nuh N. Rahbari.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This research did not receive any specific grants from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data availability  Data underlying this study will be shared upon rea-
sonable request to the corresponding author.

Declarations 

Disclosures  Patrick Téoule, Niccolo Dunker, Vanessa Gölz, Erik Ras-
bach, Christoph Reissfelder, Emrullah Birgin, and Nuh N. Rahbari have 
no conflicts of interest or financial ties to disclose.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Dulucq JL, Wintringer P, Stabilini C, Berticelli J, Mahajna 
A (2005) Laparoscopic liver resections: a single center expe-
rience. Surg Endosc 19:886–891. https://​doi.​org/​10.​1007/​
s00464-​004-​2044-3

	 2.	 Laurent A, Cherqui D, Lesurtel M, Brunetti F, Tayar C, Fagniez 
P-L (2003) Laparoscopic liver resection for subcapsular hepato-
cellular carcinoma complicating chronic liver disease. Arch Surg 
138:763–769. https://​doi.​org/​10.​1001/​archs​urg.​138.7.​763. (dis-
cussion 769)

	 3.	 Nguyen KT, Gamblin TC, Geller DA (2009) World review of lapa-
roscopic liver resection-2,804 patients. Ann Surg 250:831–841. 
https://​doi.​org/​10.​1097/​SLA.​0b013​e3181​b0c4df

	 4.	 Ciria R, Cherqui D, Geller DA, Briceno J, Wakabayashi G (2016) 
Comparative short-term benefits of laparoscopic liver resection: 
9000 cases and climbing. Ann Surg 263:761–777. https://​doi.​org/​
10.​1097/​SLA.​00000​00000​001413

	 5.	 Abu Hilal M, Aldrighetti L, Dagher I, Edwin B, Troisi RI, Alikh-
anov R, Aroori S, Belli G, Besselink M, Briceno J, Gayet B, 
D’Hondt M, Lesurtel M, Menon K, Lodge P, Rotellar F, Santoyo 
J, Scatton O, Soubrane O, Sutcliffe R, Van Dam R, White S, Halls 
MC, Cipriani F, Van der Poel M, Ciria R, Barkhatov L, Gomez-
Luque Y, Ocana-Garcia S, Cook A, Buell J, Clavien P-A, Dervenis 
C, Fusai G, Geller D, Lang H, Primrose J, Taylor M, Van Gulik T, 
Wakabayashi G, Asbun H, Cherqui D (2018) The Southampton 
Consensus Guidelines for laparoscopic liver surgery: from indica-
tion to implementation. Ann Surg 268:11–18. https://​doi.​org/​10.​
1097/​SLA.​00000​00000​002524

	 6.	 Xiao L, Xiang L, Li J, Chen J, Fan Y, Zheng S (2015) Laparo-
scopic versus open liver resection for hepatocellular carcinoma in 
posterosuperior segments. Surg Endosc 29:2994–3001. https://​doi.​
org/​10.​1007/​s00464-​015-​4214-x

	 7.	 Scuderi V, Barkhatov L, Montalti R, Ratti F, Cipriani F, Pardo 
F, Tranchart H, Dagher I, Rotellar F, Abu Hilal M, Edwin B, 
Vivarelli M, Aldrighetti L, Troisi RI (2017) Outcome after lapa-
roscopic and open resections of posterosuperior segments of the 
liver. Br J Surg 104:751–759. https://​doi.​org/​10.​1002/​bjs.​10489

	 8.	 D’Hondt M, Tamby E, Boscart I, Turcotte S, Parmentier I, Pot-
tel H, Lapointe R, Ovaere S, Vansteenkiste F, Vandenbroucke-
Menu F (2018) Laparoscopic versus open parenchymal preserving 
liver resections in the posterosuperior segments: a case-matched 
study. Surg Endosc 32:1478–1485. https://​doi.​org/​10.​1007/​
s00464-​017-​5835-z

	 9.	 Okuno M, Goumard C, Mizuno T, Omichi K, Tzeng C-WD, 
Chun YS, Aloia TA, Fleming JB, Lee JE, Vauthey J-N, Conrad C 
(2018) Operative and short-term oncologic outcomes of laparo-
scopic versus open liver resection for colorectal liver metastases 
located in the posterosuperior liver: a propensity score matching 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00464-004-2044-3
https://doi.org/10.1007/s00464-004-2044-3
https://doi.org/10.1001/archsurg.138.7.763
https://doi.org/10.1097/SLA.0b013e3181b0c4df
https://doi.org/10.1097/SLA.0000000000001413
https://doi.org/10.1097/SLA.0000000000001413
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.1007/s00464-015-4214-x
https://doi.org/10.1007/s00464-015-4214-x
https://doi.org/10.1002/bjs.10489
https://doi.org/10.1007/s00464-017-5835-z
https://doi.org/10.1007/s00464-017-5835-z


3700	 Surgical Endoscopy (2025) 39:3691–3701

analysis. Surg Endosc 32:1776–1786. https://​doi.​org/​10.​1007/​
s00464-​017-​5861-x

	10.	 Morikawa T, Ishida M, Takadate T, Aoki T, Ohtsuka H, Mizuma 
M, Hayashi H, Nakagawa K, Motoi F, Naitoh T, Unno M (2019) 
Laparoscopic partial liver resection improves the short-term out-
comes compared to open surgery for liver tumors in the postero-
superior segments. Surg Today 49:214–223. https://​doi.​org/​10.​
1007/​s00595-​018-​1719-7

	11.	 Mathew G, Agha R, Albrecht J, Goel P, Mukherjee I, Pai P, 
D’Cruz AK, Nixon IJ, Roberto K, Enam SA, Basu S, Muensterer 
OJ, Giordano S, Pagano D, Machado-Aranda D, Bradley PJ, 
Bashashati M, Thoma A, Afifi RY, Johnston M, Challacombe B, 
Ngu JC-Y, Chalkoo M, Raveendran K, Hoffman JR, Kirshtein B, 
Lau WY, Thorat MA, Miguel D, Beamish AJ, Roy G, Healy D, 
Ather HM, Raja SG, Mei Z, Manning TG, Kasivisvanathan V, 
Rivas JG, Coppola R, Ekser B, Karanth VL, Kadioglu H, Valma-
soni M, Noureldin A, STROCSS Group (2021) STROCSS 2021: 
strengthening the reporting of cohort, cross-sectional and case-
control studies in surgery. Int J Surg 96:106165. https://​doi.​org/​
10.​1016/j.​ijsu.​2021.​106165

	12.	 Maastricht University Medical Center (2020) The ORANGE SEG-
MENTS - Trial: an international multicentre randomized con-
trolled trial of open versus laparoscopic parenchymal preserving 
postero-superior liver segment resection. clinicaltrials.gov

	13.	 Saklad M (1941) Grading of patients for surgical procedures. 
Anesthesiology 2:281–284

	14.	 Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams 
R (1973) Transection of the oesophagus for bleeding oesophageal 
varices. Br J Surg 60:646–649. https://​doi.​org/​10.​1002/​bjs.​18006​
00817

	15.	 Wakabayashi G, Cherqui D, Geller DA, Abu Hilal M, Berardi 
G, Ciria R, Abe Y, Aoki T, Asbun HJ, Chan ACY, Chanwat R, 
Chen K-H, Chen Y, Cheung TT, Fuks D, Gotohda N, Han H-S, 
Hasegawa K, Hatano E, Honda G, Itano O, Iwashita Y, Kaneko 
H, Kato Y, Kim JH, Liu R, López-Ben S, Morimoto M, Monden 
K, Rotellar F, Sakamoto Y, Sugioka A, Yoshiizumi T, Akahoshi 
K, Alconchel F, Ariizumi S, Benedetti Cacciaguerra A, Durán M, 
Garcia Vazquez A, Golse N, Miyasaka Y, Mori Y, Ogiso S, Shi-
rata C, Tomassini F, Urade T, Wakabayashi T, Nishino H, Hibi T, 
Kokudo N, Ohtsuka M, Ban D, Nagakawa Y, Ohtsuka T, Tanabe 
M, Nakamura M, Tsuchida A, Yamamoto M (2022) The Tokyo 
2020 terminology of liver anatomy and resections: updates of 
the Brisbane 2000 system. J Hepatobiliary Pancreat Sci 29:6–15. 
https://​doi.​org/​10.​1002/​jhbp.​1091

	16.	 Strasberg SM (2005) Nomenclature of hepatic anatomy and 
resections: a review of the Brisbane 2000 system. J Hepato-
biliary Pancreat Surg 12:351–355. https://​doi.​org/​10.​1007/​
s00534-​005-​0999-7

	17.	 Tanaka S, Kawaguchi Y, Kubo S, Kanazawa A, Takeda Y, 
Hirokawa F, Nitta H, Nakajima T, Kaizu T, Kaibori M, Kojima 
T, Otsuka Y, Fuks D, Hasegawa K, Kokudo N, Kaneko H, Gayet 
B, Wakabayashi G (2019) Validation of index-based IWATE cri-
teria as an improved difficulty scoring system for laparoscopic 
liver resection. Surgery 165:731–740. https://​doi.​org/​10.​1016/j.​
surg.​2018.​10.​012

	18.	 Dindo D, Demartines N, Clavien P-A (2004) Classification of 
surgical complications: a new proposal with evaluation in a cohort 
of 6336 patients and results of a survey. Ann Surg 240:205–213

	19.	 Rahbari NN, Garden OJ, Padbury R, Maddern G, Koch M, 
Hugh TJ, Fan ST, Nimura Y, Figueras J, Vauthey J-N, Rees M, 
Adam R, DeMatteo RP, Greig P, Usatoff V, Banting S, Nagino 
M, Capussotti L, Yokoyama Y, Brooke-Smith M, Crawford M, 
Christophi C, Makuuchi M, Büchler MW, Weitz J (2011) Post-
hepatectomy haemorrhage: a definition and grading by the Inter-
national Study Group of Liver Surgery (ISGLS). HPB (Oxford) 
13:528–535. https://​doi.​org/​10.​1111/j.​1477-​2574.​2011.​00319.x

	20.	 Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, 
Capussotti L, Fan ST, Yokoyama Y, Crawford M, Makuuchi 
M, Christophi C, Banting S, Brooke-Smith M, Usatoff V, 
Nagino M, Maddern G, Hugh TJ, Vauthey J-N, Greig P, Rees 
M, Nimura Y, Figueras J, DeMatteo RP, Büchler MW, Weitz J 
(2011) Bile leakage after hepatobiliary and pancreatic surgery: 
a definition and grading of severity by the International Study 
Group of Liver Surgery. Surgery 149:680–688. https://​doi.​org/​
10.​1016/j.​surg.​2010.​12.​002

	21.	 Rahbari NN, Garden OJ, Padbury R, Brooke-Smith M, Crawford 
M, Adam R, Koch M, Makuuchi M, Dematteo RP, Christophi C, 
Banting S, Usatoff V, Nagino M, Maddern G, Hugh TJ, Vauthey 
J-N, Greig P, Rees M, Yokoyama Y, Fan ST, Nimura Y, Figueras 
J, Capussotti L, Büchler MW, Weitz J (2011) Posthepatectomy 
liver failure: a definition and grading by the International Study 
Group of Liver Surgery (ISGLS). Surgery 149:713–724. https://​
doi.​org/​10.​1016/j.​surg.​2010.​10.​001

	22.	 Téoule P, Schmidt N, Rasbach E, Birgin E, Reissfelder C, Rahbari 
NN (2023) Laparoscopic infrahepatic inferior vena cava clamp-
ing during liver resection—a feasibility study. J Gastrointest Surg 
27:794–797. https://​doi.​org/​10.​1007/​s11605-​023-​05593-0

	23.	 Birgin E, Hartwig V, Rasbach E, Seyfried S, Rahbari M, Reeg 
A, Jentschura S-L, Téoule P, Reißfelder C, Rahbari NN (2022) 
Minimally invasive mesohepatectomy for centrally located liver 
lesions—a case series. Surg Endosc 36:8935–8942. https://​doi.​
org/​10.​1007/​s00464-​022-​09342-3

	24.	 Rahbari NN, Elbers H, Koch M, Vogler P, Striebel F, Bruckner 
T, Mehrabi A, Schemmer P, Büchler MW, Weitz J (2014) Rand-
omized clinical trial of stapler versus clamp-crushing transection 
in elective liver resection. Br J Surg 101:200–207. https://​doi.​org/​
10.​1002/​bjs.​9387

	25.	 Rahbari NN, Koch M, Schmidt T, Motschall E, Bruckner T, Wei-
dmann K, Mehrabi A, Büchler MW, Weitz J (2009) Meta-analysis 
of the clamp-crushing technique for transection of the parenchyma 
in elective hepatic resection: back to where we started? Ann Surg 
Oncol 16:630–639. https://​doi.​org/​10.​1245/​s10434-​008-​0266-7

	26.	 Birgin E, Abdelhadi S, Seyfried S, Rasbach E, Rahbari M, 
Téoule P, Reißfelder C, Rahbari NN (2024) Robotic or lapa-
roscopic repeat hepatectomy after open hepatectomy: a cohort 
study. Surg Endosc 38:1296–1305. https://​doi.​org/​10.​1007/​
s00464-​023-​10645-2

	27.	 Luo J, Xu L, Li L, Zhang J, Zhang M, Xu M (2021) Diabetes 
mellitus and postoperative blood glucose value help predict posth-
epatectomy liver failure in patients with hepatocellular carcinoma. 
J Gastrointest Oncol 12:2377–2387. https://​doi.​org/​10.​21037/​
jgo-​21-​491

	28.	 Wiggans MG, Lordan JT, Shahtahmassebi G, Aroori S, Bowles 
MJ, Stell DA (2014) The interaction between diabetes, body mass 
index, hepatic steatosis, and risk of liver resection: insulin depend-
ent diabetes is the greatest risk for major complications. HPB Surg 
2014:586159. https://​doi.​org/​10.​1155/​2014/​586159

	29.	 Hackett NJ, De Oliveira GS, Jain UK, Kim JYS (2015) ASA class 
is a reliable independent predictor of medical complications and 
mortality following surgery. Int J Surg 18:184–190. https://​doi.​
org/​10.​1016/j.​ijsu.​2015.​04.​079

	30.	 Dokmak S, Ftériche FS, Borscheid R, Cauchy F, Farges O, Bel-
ghiti J (2013) 2012 Liver resections in the 21st century: we are far 
from zero mortality. HPB (Oxford) 15:908–915. https://​doi.​org/​
10.​1111/​hpb.​12069

	31.	 Elfrink AKE, Kok NFM, den Dulk M, Buis CI, Kazemier G, 
Ijzermans JNM, Lam H-D, Hagendoorn J, van den Boezem PB, 
Ayez N, Zonderhuis BM, Lips DJ, Leclercq WKG, Kuhlmann 
KFD, Marsman HA, Verhoef C, Patijn GA, Grünhagen DJ, Klaase 
JM, Eker HH, Belt ETJ, van Heek NT, Torrenga H, Bosscha K, 
Doornebosch P, Consten ECJ, Oosterling SJ, de Boer MT, Bes-
selink MGH, Dejong CHC, te Riele WW, Hoogwater FJH, Liem 

https://doi.org/10.1007/s00464-017-5861-x
https://doi.org/10.1007/s00464-017-5861-x
https://doi.org/10.1007/s00595-018-1719-7
https://doi.org/10.1007/s00595-018-1719-7
https://doi.org/10.1016/j.ijsu.2021.106165
https://doi.org/10.1016/j.ijsu.2021.106165
https://doi.org/10.1002/bjs.1800600817
https://doi.org/10.1002/bjs.1800600817
https://doi.org/10.1002/jhbp.1091
https://doi.org/10.1007/s00534-005-0999-7
https://doi.org/10.1007/s00534-005-0999-7
https://doi.org/10.1016/j.surg.2018.10.012
https://doi.org/10.1016/j.surg.2018.10.012
https://doi.org/10.1111/j.1477-2574.2011.00319.x
https://doi.org/10.1016/j.surg.2010.12.002
https://doi.org/10.1016/j.surg.2010.12.002
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1007/s11605-023-05593-0
https://doi.org/10.1007/s00464-022-09342-3
https://doi.org/10.1007/s00464-022-09342-3
https://doi.org/10.1002/bjs.9387
https://doi.org/10.1002/bjs.9387
https://doi.org/10.1245/s10434-008-0266-7
https://doi.org/10.1007/s00464-023-10645-2
https://doi.org/10.1007/s00464-023-10645-2
https://doi.org/10.21037/jgo-21-491
https://doi.org/10.21037/jgo-21-491
https://doi.org/10.1155/2014/586159
https://doi.org/10.1016/j.ijsu.2015.04.079
https://doi.org/10.1016/j.ijsu.2015.04.079
https://doi.org/10.1111/hpb.12069
https://doi.org/10.1111/hpb.12069


3701Surgical Endoscopy (2025) 39:3691–3701	

MSL, Molenaar IQ, Swijnenburg R-J, Braat AE (2021) Short-term 
postoperative outcomes after liver resection in the elderly patient: 
a nationwide population-based study. HPB 23:1506–1517. https://​
doi.​org/​10.​1016/j.​hpb.​2021.​03.​002

	32.	 Heise D, Bednarsch J, Kroh A, Eickhoff R, Coolsen MME, van 
Dam R, Lang SA, Neumann UP, Ulmer F (2022) Safety of lapa-
roscopic hepatectomy in patients with severe comorbidities—a 
propensity score matched analysis. J Hepatobiliary Pancreat Sci 
29:609–617. https://​doi.​org/​10.​1002/​jhbp.​1020

	33.	 Wei AC, Tung-Ping Poon R, Fan S-T, Wong J (2003) Risk factors 
for perioperative morbidity and mortality after extended hepatec-
tomy for hepatocellular carcinoma. Br J Surg 90:33–41. https://​
doi.​org/​10.​1002/​bjs.​4018

	34.	 de Boer MT, Molenaar IQ, Porte RJ (2007) Impact of blood loss 
on outcome after liver resection. Dig Surg 24:259–264. https://​
doi.​org/​10.​1159/​00010​3656

	35.	 Tranchart H, Gaillard M, Chirica M, Ferretti S, Perlemuter G, 
Naveau S, Dagher I (2015) Multivariate analysis of risk fac-
tors for postoperative complications after laparoscopic liver 
resection. Surg Endosc 29:2538–2544. https://​doi.​org/​10.​1007/​
s00464-​014-​3965-0

	36.	 Hallet J, Jayaraman S, Martel G, Ouellet J-FB, Lin Y, McClus-
key S, Beyfuss KA, Karanicolas PJ, Asai K, Barkun J, Bertens 
K, Chaudhury P, Cleary S, Hogan M, Jalink D, Law C, Living-
stone S, McGilvray I, Metrakos P, Moser M, Nanji S, Ouellet 
J-F, Serrano P, Shaw J, Skaro A, Vanounou T, Walsh M, Wei A, 
Zogopoulos G, Eeson G, Turcotte S, Joly N, Wherett C, Tarshis J, 
Callum J, Nahirniak S (2019) Patient blood management for liver 
resection: consensus statements using Delphi methodology. HPB 
21:393–404. https://​doi.​org/​10.​1016/j.​hpb.​2018.​09.​022

	37.	 Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han 
HS, Asbun H, O’Rourke N, Tanabe M, Koffron AJ, Tsung A, 
Soubrane O, Machado MA, Gayet B, Troisi RI, Pessaux P, Van 
Dam RM, Scatton O, Abu Hilal M, Belli G, Kwon CHD, Edwin 
B, Choi GH, Aldrighetti LA, Cai X, Cleary S, Chen K-H, Schön 
MR, Sugioka A, Tang C-N, Herman P, Pekolj J, Chen X-P, Dagher 
I, Jarnagin W, Yamamoto M, Strong R, Jagannath P, Lo C-M, Cla-
vien P-A, Kokudo N, Barkun J, Strasberg SM (2015) Recommen-
dations for laparoscopic liver resection: a report from the second 
international consensus conference held in Morioka. Ann Surg 
261:619–629. https://​doi.​org/​10.​1097/​SLA.​00000​00000​001184

	38.	 Tranchart H, O’Rourke N, Van Dam R, Gaillard M, Lainas P, Sug-
ioka A, Wakabayashi G, Dagher I (2015) Bleeding control during 
laparoscopic liver resection: a review of literature. J Hepatobiliary 
Pancreat Sci 22:371–378. https://​doi.​org/​10.​1002/​jhbp.​217

	39.	 Giuliani A, Aldrighetti L, Di Benedetto F, Ettorre GM, Bianco P, 
Ratti F, Tarantino G, Santoro R, Felli E (2015) Total abdominal 
approach for postero-superior segments (7, 8) in laparoscopic liver 
surgery: a multicentric experience. Updates Surg 67:169–175. 
https://​doi.​org/​10.​1007/​s13304-​015-​0305-4

	40.	 Ogiso S, Conrad C, Araki K, Nomi T, Anil Z, Gayet B (2015) 
Laparoscopic transabdominal with transdiaphragmatic access 
improves resection of difficult posterosuperior liver lesions. Ann 
Surg 262:358–365. https://​doi.​org/​10.​1097/​SLA.​00000​00000​
001015

	41.	 Erdogan D, Busch ORC, van Delden OM, Rauws EAJ, Gouma DJ, 
van Gulik TM (2008) Incidence and management of bile leakage 

after partial liver resection. Dig Surg 25:60–66. https://​doi.​org/​10.​
1159/​00011​8024

	42.	 Kazaryan AM, Røsok BI, Marangos IP, Rosseland AR, Edwin 
B (2011) Comparative evaluation of laparoscopic liver resec-
tion for posterosuperior and anterolateral segments. Surg Endosc 
25:3881–3889. https://​doi.​org/​10.​1007/​s00464-​011-​1815-x

	43.	 Hirokawa F, Hayashi M, Asakuma M, Shimizu T, Inoue Y, Uchiy-
ama K (2017) Intercostal trocars enable easier laparoscopic resec-
tion of liver tumors in segments 7 and 8. World J Surg 41:1340–
1346. https://​doi.​org/​10.​1007/​s00268-​016-​3867-5

	44.	 Coles SR, Besselink MG, Serin KR, Alsaati H, Di Gioia P, Samim 
M, Pearce NW, Abu Hilal M (2015) Total laparoscopic manage-
ment of lesions involving liver segment 7. Surg Endosc 29:3190–
3195. https://​doi.​org/​10.​1007/​s00464-​014-​4052-2

	45.	 Cipriani F, Ratti F, Paganelli M, Reineke R, Catena M, Aldrighetti 
L (2019) Laparoscopic or open approaches for posterosuperior 
and anterolateral liver resections? A propensity score based anal-
ysis of the degree of advantage. HPB (Oxford) 21:1676–1686. 
https://​doi.​org/​10.​1016/j.​hpb.​2019.​05.​006

	46.	 Robles R, Marín C, Abellán B, López A, Pastor P, Parrilla P 
(2008) A new approach to hand-assisted laparoscopic liver 
surgery. Surg Endosc 22:2357–2364. https://​doi.​org/​10.​1007/​
s00464-​008-​9770-x

	47.	 Haber PK, Wabitsch S, Krenzien F, Benzing C, Andreou A, 
Schöning W, Öllinger R, Pratschke J, Schmelzle M (2019) Lapa-
roscopic liver surgery in cirrhosis—addressing lesions in postero-
superior segments. Surg Oncol 28:140–144. https://​doi.​org/​10.​
1016/j.​suronc.​2018.​12.​001

	48.	 Tsuchiya M, Otsuka Y, Tamura A, Nitta H, Sasaki A, Waka-
bayashi G, Kaneko H (2009) Status of endoscopic liver surgery 
in Japan: a questionnaire survey conducted by the Japanese Endo-
scopic Liver Surgery Study Group. J Hepatobiliary Pancreat Surg 
16:405–409. https://​doi.​org/​10.​1007/​s00534-​009-​0119-1

	49.	 Huang M-T, Wei P-L, Wang W, Li C-J, Lee Y-C, Wu C-H (2009) 
A series of laparoscopic liver resections with or without HALS 
in patients with hepatic tumors. J Gastrointest Surg 13:896–906. 
https://​doi.​org/​10.​1007/​s11605-​009-​0834-6

	50.	 Cardinal JS, Reddy SK, Tsung A, Marsh JW, Geller DA (2013) 
Laparoscopic major hepatectomy: pure laparoscopic approach 
versus hand-assisted technique. J Hepatobiliary Pancreat Sci 
20:114–119. https://​doi.​org/​10.​1007/​s00534-​012-​0553-3

	51.	 Rahbari NN, Birgin E, Bork U, Mehrabi A, Reißfelder C, Weitz J 
(2020) Anterior approach vs conventional hepatectomy for resec-
tion of colorectal liver metastasis: a randomized clinical trial. 
JAMA Surg. https://​doi.​org/​10.​1001/​jamas​urg.​2020.​5050

	52.	 Shinkawa H, Hirokawa F, Kaibori M, Nomi T, Ueno M, Ikoma 
H, Nakai T, Iida H, Tanaka S, Komeda K, Kosaka H, Hokuto D, 
Hayami S, Morimura R, Matsumoto M, Maehira H, Takemura S, 
Kubo S (2022) Risk factors for and management of morbidity in 
pure laparoscopic resection of the right posterosuperior segments 
of the liver: a multicenter retrospective study. Asian J Endosc Surg 
15:539–546. https://​doi.​org/​10.​1111/​ases.​13042

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.hpb.2021.03.002
https://doi.org/10.1016/j.hpb.2021.03.002
https://doi.org/10.1002/jhbp.1020
https://doi.org/10.1002/bjs.4018
https://doi.org/10.1002/bjs.4018
https://doi.org/10.1159/000103656
https://doi.org/10.1159/000103656
https://doi.org/10.1007/s00464-014-3965-0
https://doi.org/10.1007/s00464-014-3965-0
https://doi.org/10.1016/j.hpb.2018.09.022
https://doi.org/10.1097/SLA.0000000000001184
https://doi.org/10.1002/jhbp.217
https://doi.org/10.1007/s13304-015-0305-4
https://doi.org/10.1097/SLA.0000000000001015
https://doi.org/10.1097/SLA.0000000000001015
https://doi.org/10.1159/000118024
https://doi.org/10.1159/000118024
https://doi.org/10.1007/s00464-011-1815-x
https://doi.org/10.1007/s00268-016-3867-5
https://doi.org/10.1007/s00464-014-4052-2
https://doi.org/10.1016/j.hpb.2019.05.006
https://doi.org/10.1007/s00464-008-9770-x
https://doi.org/10.1007/s00464-008-9770-x
https://doi.org/10.1016/j.suronc.2018.12.001
https://doi.org/10.1016/j.suronc.2018.12.001
https://doi.org/10.1007/s00534-009-0119-1
https://doi.org/10.1007/s11605-009-0834-6
https://doi.org/10.1007/s00534-012-0553-3
https://doi.org/10.1001/jamasurg.2020.5050
https://doi.org/10.1111/ases.13042

	What matters in laparoscopic hepatectomy for lesions located in posterosuperior segments? Initial experiences and analysis of risk factors for postoperative complications: a retrospective cohort study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Study design
	Preoperative assessment, definitions, and outcomes
	Surgical and anesthesiologic management
	Statistical analysis

	Results
	Patient characteristics
	Operative procedures and intraoperative outcomes
	Postoperative outcome
	Predictors of postoperative outcome

	Discussion
	Conclusion
	Acknowledgements 
	References




