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Purpose: To explore the feasibility and safety of using the left lateral decubitus position (LLDP) to perform laparoscopic liver 
resection (LLR) for the treatment of hepatic lesions in segment VI and/or VII.
Patients and Methods: Clinical data concerning 50 patients underwent LLR including 25 patients in the LLDP and the other 25 patients 
in the routine operative position (ROP) at Shulan (Hangzhou) Hospital Affiliated to Zhejiang Shuren University Shulan International 
Medical College (Hangzhou, China) and Shulan (Quzhou) Hospital between March 2019 and May 2022 were retrospectively analyzed. All 
of the patients underwent LLR while in the LLDP or the ROP for the treatment of hepatic lesions located in segment VI and/or VII.
Results: The preoperative clinical and laboratory parameters were comparable between the two groups (P > 0.05). All patients 
completed the surgery successfully. There were two patients required conversion to open resection in the ROP comparing with zero in 
the LLDP. The mean operative time was 256.9 ± 132.7 minutes in LLDP and 255.7 ± 92.1 minutes in ROP, while the median 
perioperative blood loss was 100 mL (range: 50–300 mL) in LLDP and 200 mL (range: 50–425 mL), respectively. The postoperative 
pathological examination showed that margin-negative resection was achieved all of the cases. The important postoperative parameters 
all returned to normal within five days after the LLR. The mean postoperative hospital stay (15.6 vs 19.3 days; p < 0.05) and the 
extraction of the drainage tube time (7.8 vs 10.4 days; p < 0.05) were shorter for patients in LLDP.
Conclusion: The LLDP represents a safe and feasible position for performing LLR in selected patients with lesions in segment VI 
and/or VII. LLR in the LLDP is helpful in terms of the exposure of the surgical field and the recovery of the patient.
Keywords: laparoscopic, liver resection, left lateral decubitus position

Introduction
Primary hepatic lesions can be divided into three types, namely tumor-like masses, benign tumors, and malignant tumors.1 

Among them, the benign tumors and tumor-like masses of the adult liver include hemangioma, hepatocellular adenoma, focal 
nodular hyperplasia (FNH), macro-regenerative nodule, bile duct adenoma, peribiliary gland hamartoma, biliary adenofibroma, 
biliary cystadenoma, and adrenal rest tumors.2,3 Globally, liver cancer is the most common fatal malignancy, and among all the 
liver cancer cases worldwide, more than 90% involve hepatocellular carcinomas (HCC).4–6

According to guidelines from countries around the world, surgical resection should be considered the primary 
treatment modality for patients with resectable tumors.7–9 Due to its low degree of invasiveness, laparoscopic liver 
resection (LLR) has become increasingly commonly used in this regard.10 However, segments VI and VII of the liver are 
located in the deepest part of the diaphragmatic surface of the liver, which results in a narrow field of view that increases 
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the degree of surgical difficulty. Based on clinical observations, we recognized the potential value of changing the 
patient’s position in order to better expose tumors located in segments VI and VII. In light of our prior experience of 
thoracoscopic right lung resection,11 we hypothesized that the left lateral decubitus position (LLDP) could be suitable for 
abdominal surgery in which it is necessary to expose segment VI and/or VII of the liver and the inferior vena cava. To 
test this hypothesis, we explored the safety and efficacy of LLR performed in the LLDP for the treatment of tumors in 
segment VI and/or VII.

Patients and Methods
Study Population
Patients were enrolled in the present study if they met the following inclusion criteria: their preoperative liver function 
was classified as Child-Pugh A, they exhibited normal cardiopulmonary function, they had resectable hepatic lesions in 
segment VI and/or VII, there were no contraindications for anesthesia, and all operations were wedge hepatectomy. From 
March 2019 to May 2022, a total of 25 adult patients (15 males and 10 females) underwent LLR in the LLDP and 25 
adult patients (16 males and 9 females) underwent LLR in the routine operative position (ROP) at Shulan (Hangzhou) 
Hospital Affiliated to Zhejiang Shuren University Shulan International Medical College (Hangzhou, China) or Shulan 
(Quzhou) Hospital. Because the study was retrospective and the data were analyzed anonymously, the need for consent 
was waived.

Surgical Procedure
Each patient underwent LLR in the LLDP according to the following standardized procedure. After receiving general 
anesthesia and endotracheal intubation, the patient was transferred from the supine position into the vertical LLDP and 
a towel was laid over the abdominal area following routine disinfection. Five trocars were placed into the abdominal 
cavity while the patient was in the LLDP to allow for the completion of the LLR (Figure 1). A 10 mm incision was made 
at the junction 3 cm below the right costal arch and the right anterior axillary line. Each layer was gradually cut into 

Figure 1 Using the LLDP to perform LLR. (A) Five trocars were placed into the abdominal cavity in the lateral position to allow for the completion of the LLR. The five 
holes were located at the junctions 3 cm below the right costal arch (F) and the right anterior axillary line (D), midline (E), axillary midline (C), posterior axillary line (B), and 
subscapular line (A). (B) After general anesthesia and endotracheal intubation were administered, the patient was placed in the LLDP and a towel was positioned following 
routine disinfection. (C) Each layer was gradually cut into using an electric knife in the trocar D position. (D) LLR in the LLDP was performed after the trocars were 
replaced. 
Abbreviations: LLDP, left lateral decubitus position; LLR, laparoscopic liver resection.
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using an electric knife until the peritoneum was cut, with special attention being paid to protecting the internal organs 
during the opening of the peritoneum. Next, a 10 mm trocar without a core was easily placed into the abdominal cavity 
via laparoscopy to obtain a clear view into the abdomen. The remaining four trocars were located at the junctions 3 cm 
below the costal arch and the midline, axillary midline, posterior axillary line, and subscapular line. They were also 
easily and successfully placed by means of laparoscopy. If the trocar placement was blocked by the colon within the 
abdominal cavity, the right paracolonic sulcus could be dissociated if necessary.

Following the successful placement of the trocars, the abdominal cavity was inflated to a pressure of 12–15 mmHg, 
and the surgery was begun. Using an ultrasonic scalpel to dissociate the ligaments around the liver, especially between 
the liver and the diaphragm, was relatively easy in this position. Then, the liver parenchyma was cut using an ultrasonic 
scalpel after the resection area was outlined on the surface of the liver. The small blood vessels and bile ducts were 
clipped using a titanium clip, a hem-o-lok clip, and ligation. To ensure proper hemostasis and check that there was no 
obvious active bleeding, bile leakage, or gastrointestinal perforation, a liver section drainage tube was indwelled.

If the operation needed to be converted to open due to bleeding affecting the operation field or other reasons, the 
gauze could be placed under the endoscope to compress the operation area. Then cut the abdominal wall layer by layer 
along the arc at 2–3 fingers under the costal arch, pulled the hook to fully expose the operation area, and performed open 
surgery. The transfer process was convenient and fast without changing the body position.

All of the patients were admitted to the enhanced recovery after surgery pathway, which had been demonstrated to be 
safe and effective by a number of prior studies.12,13

As for the patients underwent LLR in the ROP, after receiving general anesthesia and endotracheal intubation, a sub- 
umbilical open technique was used to insert a 10 mm port, and pneumoperitoneum was established with carbon dioxide 
insufflation to a maximum pressure of 12–15 mmHg. Then other trocars were placed into the abdominal cavity depended 
on the location of the hepatic lesion. The subsequent surgical procedure was the same as that of patients in LLDP group.

Statistical Parameters
The examined data included preoperative, surgical, and pathological factors. The investigated preoperative factors were 
each patient’s age, sex, viral infection status, albumin level, total bilirubin (TB) level, prothrombin time (PT), interna-
tional normalized ratio (INR), and Child-Pugh classification. The examined surgical parameters included the surgical 
duration, intraoperative blood loss, and blood transfusion requirements. Finally, the evaluated pathological factors 
included the size of the largest tumor, and surgical margin status.

In addition, the following parameters were also evaluated: aspartate aminotransferase (AST) level, alanine amino-
transferase (ALT) level, pathological margins, postoperative drainage tube stay, postoperative hospital stay, and post-
operative complications. The postoperative complications were assessed on the basis of the Clavien-Dindo complication 
classification system.14

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) version 19.0 (SPSS, Chicago, IL, USA) statistical software was used 
for all the data processing and statistical analyses in the present study. The Shapiro–Wilk test was used to determine 
whether the statistical data conformed to the normal distribution. If the statistical data did conform to the normal 
distribution, the results were expressed as the mean ± standard deviation (SD); otherwise, they were expressed as the 
median (range: 25–75%). The characteristics of patients were compared between two datasets using Student’s t-tests or 
Kruskal–Wallis tests for continuous variables where appropriate, χ2 or Fisher exact tests for categorical variables and the 
Mann–Whitney U-test to compare medians.

Results
All the results were showed in the Table 1.

In the LLDP there were 15 males and 10 females (mean age: 52.8 ± 11.9 years) participated in the present study, and 
in the ROP there were 16 males and 9 females (mean age: 54.4 ± 10.6 years) (p > 0.05). In the LLDP, the numbers of 
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patients with hepatic lesions located in segment VI, VII, or both were seven (28.0%), 12 (48.0%), and six (24%), 
respectively, While the numbers in the ROP were 19 (76.0%), three (12.0%), and three (12%).

All patients completed the surgery successfully. There were two patients required conversion to open resection in the 
ROP comparing with zero in the LLDP (p > 0.05). In the LLDP the operative time was 256.9 ± 132.7 minutes, and 255.7 
± 92.1 minutes in the ROP (p > 0.05). In the LLDP the median perioperative blood loss was 100 mL (range: 50–250 mL), 
and 200 mL (range: 50–425 mL) in the ROP (p > 0.05). The median size of the largest resected tumor was 22.3 mm 

Table 1 Patient Demographics and Surgical Outcomes

Characteristic LLDP ROP P value

Cases 25 25
Sex 0.771

Male 15 (60.0%) 16 (64.0%)

Female 10 (40.0%) 9 (36.0%)
Age (years) 52.8 ± 11.9 54.4±10.6 0.608

Body mass index (kg/m2) 24.1 ± 3.2 23.8±3.8 0.774

Before surgery

Hepatitis viral infection 15 (60.0%) 13 (52.0%) 0.569
PT (s) 12.2 ± 0.8 12.2±1.3 0.970

INR 1.06 ± 0.08 1.05 ± 0.11 0.720

TB (μmol/L) 15.3 ± 6.6 14.6 ± 5.5 0.676
Child-Pugh

A 25 (100.0%) 25 (100.0%)

B and C 0 (0.0%) 0 (0.0%)
Lesion location (Couinaud) 0.03

Segment VI 7 (28.0%) 19 (76.0%)

Segment VII 12 (48.0%) 3 (12.0%)
Segments VI and VII 6 (24.0%) 3 (12.0%)

During surgery
Conversion to open 0 (0.0%) 2 (8.0%) 0.470

Operative time (min) 256.9 ± 132.7 255.7 ± 92.1 0.971

Blood loss (mL) 100 (50–250) 200 (50–425) 0.122
Blood transfusion during surgery 1 (4.0%) 5 (20.0%) 0.192

After surgery
Size of lesion (mm) 22.3 (11.5–56.6) 33.0 (16.0–52.0) 0.180

Pathology 0.991

HCC 15 16
Hemangioma 8 5

FNH 1 1

Metastatic pancreatic cancer 1 1
Cholangiocarcinoma 0 1

PEComa 0 1

Morbidity
Pleural effusion 4 (16.0%) 6 (24.0%) 0.724

Electrolyte disturbances 3 (12.0%) 5 (20.0%) 0.700

Gastrointestinal reaction 4 (16.0%) 0 (0.0%) 0.110
High fever 2 (8.0%) 1 (4.0%) 1.000

Abdominal infection 1 (4.0%) 0 (0.0%) 1.000

Days to remove the drainage tube (days) 7.8 (± 4.1) 10.4 (± 3.9) 0.027
Days after surgery (days) 15.6 (± 5.2) 19.3 (±5.9) 0.025

Abbreviations: PT, prothrombin time; INR, International Normalized Ratio; TB, total bilirubin; HCC, hepatocellular carcinoma; FNH, focal 
nodular hyperplasia; PEComa, perivascular epithelioid cell tumor.
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(range: 11.5–56.6 mm) in the LLDP, and 33.0 mm (range: 16.0–52.0 mm) (p > 0.05). One patient received an 
intraoperative blood transfusion during the surgery in the LLDP and the number in the ROP was five (p > 0.05). The 
average time until the extraction of the drainage tube from the relevant liver section was 7.8 ± 4.1 days in the LLDP, and 
10.4 ± 3.9 days in the ROP (p < 0.05). Moreover, the average time from surgery to discharge was 15.6 ± 5.2 days in the 
LLDP, and 19.3 ± 5.9 days in the ROP (p < 0.05).

The frozen section pathological results concerning all of the patients revealed that the cutting edge was negative. 
Furthermore, all of the patients were diagnosed by means of postoperative pathology. In the LLDP, the pathological 
results of 15 patients indicated the presence of HCC, eight patients had hemangioma, one patient had FNH, and one 
patient had metastatic pancreatic cancer. In the ROP, 16 patients had HCC, five patients had hemangioma, one patient had 
FNH, one patient had metastatic pancreatic cancer, one patient had cholangiocarcinoma, and one patient had PEComa.

Postoperative complications occurred in 14 patients in the LLDP. More specifically, four patients (16.0%) experienced 
pleural effusion, which was resolved through conservative management. In addition, three patients (12.0%) experienced 
electrolyte disturbances, while four patients (16.0%) exhibited gastrointestinal reactions, which were all treated using 
conventional medications. Two of these cases (8.0%) was complicated by a high fever, which was treated with an 
upgrading antibiotic. The only major (4.0%) complication was an abdominal infection in one patient, which required 
abdominal puncture. And in the ROP, six (24.0%) patients experienced pleural effusion, five (20.0%) experienced 
electrolyte disturbances, and one patient had high fever, the treatment method was the same as above.

The postoperative examination indexes of the patients are presented in Figure 2. After the operation, the biochemical 
standards of the patients tended to gradually return to normal within five days both in the LLDP and ROP.

Figure 2 Postoperative examination indexes of the patients. The four examination indexes are expressed as the median in the graphs. (A) The ALT of the patients after the 
operation. (B) The AST of the patients after the operation. (C) The PT of the patients after the operation. (D) The TB of the patients after the operation. After the 
operation, the biochemical standards of the patients tended to gradually return to normal within five days both in the LLDP and ROP. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; TB, total bilirubin; LLDP, left lateral decubitus position; ROP, routine 
operative position.
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Discussion
Prior to the LLR procedure first being described in 1991, open hepatectomy was considered the best approach for the 
surgical treatment of liver tumors.15 Now, LLR is widely accepted as a minimally invasive way to treat resectable liver 
lesions.16 In fact, LLR has been performed for the treatment of HCC,10,17,18 metastatic liver tumors,19,20 hepatic 
cysts,21,22 and benign tumors.15,23 When compared with the open hepatectomy approach, laparoscopic liver surgery is 
associated with lower complication rates, reduced intraoperative blood loss, and a shorter hospital stay.24

Although recent studies have demonstrated both the safety and the reproducibility of LLR,25 as well as the favorable 
surgical outcomes associated with it, when compared with open surgery, the procedure requires a steep learning curve on 
the part of surgeons due to the technical complexity of performing major resections.26 In recent years, several studies 
have sought to improve the surgical technique in an effort to render LLR safer and more convenient. For instance, Liu 
et al proposed the liver parenchyma transection approach––the first step toward the laparoscopic left hemihepatectomy 
procedure––to avoid the need for the laparoscopic dissection of the hilar plate and reduce the risk of injury to the hepatic 
veins. The proposed approach also had a shorter operative time (210 vs 235 minutes, p = 0.035) than the conventional 
technique.27 Siddiqi et al posited that a surgical approach should be defined and that each patient should be considered 
separately, taking into account the lesion’s location, size, and nature as well as the patient’s liver anatomy.24

A few studies have investigated the potential for improving surgical outcomes by changing the patient’s body 
position. The routine patient position involves lying on the spine, although there are various possible alternative patient 
positions depending on the location of the tumor and/or the type of surgical procedure, for example, a semi-prone 
position (median operative time: 373 minutes; median blood loss: 146 mL)28,29 and a supine position with approximately 
30 degrees of right-sided (median operative time: 240 minutes; median blood loss: 600 mL).24 All of the body positions 
are intended to fully expose the surgical field and, therefore, to facilitate surgical procedures. The present study sought to 
identify a new body position for performing LLR to treat segment VI and/or VII tumors.

Laparoscopic right posterior sectionectomy (LRPS) is considered one of the most complex procedures that can be 
completed laparoscopically, scoring nine or ten on the difficulty scoring system for laparoscopic liver surgery developed 
by Ban et al (eg, a laparoscopic right hemihepatectomy scores seven). The difficultly associated with accessing segment 
VII, the potential for a close relationship between the lesion and the right hepatic vein, the lack of anatomical delineation 
on the part of the right posterior section, the need for complex inflow control, and the requirement for a resection margin 
with a large surface area all pose significant challenges to the procedure. Moreover, LRPS can be associated with a long 
operative time, a high degree of blood loss, and a prolonged postoperative hospital stay.

The resection of segments VI and VII is known to be more demanding and dangerous than other segmentectomies, 
resulting in a longer operative time and increased blood loss.30 To reduce the technical challenges associated with the 
procedure, Morise et al used the left lateral position to perform posterior segmentectomy and the semi-prone position to 
perform both segment VII segmentectomy and partial resections of segment VII and deep segment VI.31 Similarly, Inoue 
et al placed patients into a moderate LLDP to complete the surgery.16 To a certain extent, the use of these positions 
widened the surgical field of view and made it easy to operate. In addition, Siddiqi et al introduced three different 
techniques for LRPS: resection following hilar inflow control, resection following inflow control at Rouviere’s sulcus, 
and resection with intra-parenchymal control.24 On the basis of the above-mentioned studies, our hospital adopted the use 
of the LLDP for the LLR of segment VI or VII hepatic lesions. The use of this position allows for the weight of the liver 
to facilitate its own mobilization, which ultimately provides a good and stable surgical space above the liver. Moreover, 
in the LLDP, segments VI and VII, which are difficult to expose in the standard laparoscopic field of vision, appear at the 
top of the laparoscopic field of vision, which results in a larger field of vision and operating space.

The use of the LLDP can also reduce the operative difficulty to a certain extent. The LLDP allows the weight of the 
right lobe of the liver to expand the surgical field of view, thereby facilitating the mobilization of the liver. After 
mobilization, an adequate space is available above the liver and it is possible to ensure both the stable handling of 
surgical instruments and the removal of tumors in regions up to the root of the right hepatic vein.

As has previously been established, the prevention and control of bleeding under laparoscopic vision is critical for 
hepatectomy because massive hemorrhage may increase postoperative morbidity and mortality.32,33 When patients are 
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placed in the LLDP, the decreased venous pressure in the right hepatic vein, which is positioned vertically upwards from 
the inferior vena cava, results in decreased intraoperative bleeding. In addition, because the surgical field of vision and 
the operating space are wider, bleeding points can be quickly identified and hemostasis can be more easily achieved, 
which may also lead to less intraoperative bleeding. However, if there is a problem that cannot be solved under the 
endoscope, you can refer to the method described above to transfer to open surgery without changing the body position. 
The transfer process is convenient and fast.

The routine position used to perform LLR is the supine position, and the use of trocars often accompanies the use of 
the supine approach. As the patient is in a neutral position, there is no need for intercostal trocar placement.34 However, 
when the patient is in the LLDP, it is important to strictly follow the steps outlined in the present article when it comes to 
placing the trocars, especially the first one. By using an electric knife to cut layer by layer and placing a trocar without 
a core, it is possible to avoid damaging the internal organs.

As far as we have known, this study was the first study to describe in detail the surgical procedure of a vertical left 
lateral decubitus position in liver resection, introducing a new surgical option for the resection of segment VI and/or VII 
hepatic lesions. Laparoscopic non-anatomical right posterior lobe liver resection in the LLDP offers the advantages of 
a wider field of vision, a simpler procedure, and reduced bleeding. The perioperative results for patients in the LLDP 
were comparable to those of the routine position, with a faster postoperative recovery and less hospital stay. However, is 
the present study was also associated with a number of limitations. For instance, trocar placement was more difficult than 
in the supine position. Other limitations of the present study included the limited size of the enrolled patient population 
and relatively short follow-up duration. The findings need to be validated by prospective randomized controlled trial 
study. Moreover, the use of the LLDP increases the difficulty of hepatic portal vein dissociation, which means that only 
non-anatomical resection can presently be performed.

Conclusion
The LLDP is a feasible and effective position for performing LLR in selected patients with lesions in segment VI and/or 
VII. In addition, LLR in the LLDP is helpful in terms of the exposure of the surgical field and the recovery of the patient.
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