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Prospective Study
Superior pancreatic lymphadenectomy with portal vein priority via posterior common hepatic artery approach in laparoscopic radical gastrectomy
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Abstract
BACKGROUND
D2 lymph node dissection for advanced gastric cancer is advocated, and station 8p lymph node should be considered in selected patients, which is, however, technically difficult.

AIM
To introduce a new and easy-to-perform procedure for dissection of the lymph nodes superior to the pancreas.

METHODS
A series of patients who underwent laparoscopic gastrectomy for gastric cancer were retrospectively included with utilization of a new procedure for superior pancreatic lymphadenectomy (LND) with portal vein priority via the posterior common hepatic artery approach (SPLD-PPPH) based on a newly defined portal triangle. The surgical outcome of the patients, as well as the efficacy and safety of SPLD-PPPH are reported.

RESULTS
A total of 51 patients were included with most of them being male (n = 34, 66.7%). According to the 8th edition of AJCC TNM staging, there were four (7.8%) patients in stage I, 13 (25.5%) in stage II, 33 (64.7%) in stage III and one (2.0%) in stage IV. The average duration for LND was about 1 h (67.7 ± 6.9 min). After surgery, four patients developed morbidities, but all were treated successfully with no perioperative mortality. Among the 51 patients included, the percentage of patients who had lymph node metastasis at station 8p was 9.8%. Of note, with a total of 14 lymph nodes harvested at station 8p, the incidence of nodal metastasis was 14.3%.

CONCLUSION
About one in 10 patients with advanced gastric cancer had nodal metastasis at station 8p. The new approach of SPLD-PPPH is safe and effective for D2+ LND during laparoscopic radical gastrectomy.
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Core Tip: D2 radical operation has been the standard treatment of gastric cancer. One in 10 advanced gastric cancer patients had lymph node metastasis at station 8p, but D2 lymphadenectomy (LND) remains technically difficult. The new superior pancreatic LND with portal vein priority via the posterior common hepatic artery approach achieved safe removal of 8p lymph nodes.

INTRODUCTION
Laparoscopic gastrectomy for gastric cancer has been demonstrated as safe, feasible and less invasive with comparable long-term outcomes vs open surgery[1-3]. At present, D2 lymphadenectomy (LND) has been the standard treatment for locally advanced gastric cancer[4-7]. However, the overall complication rate after D2 radical operation is about 20%[4-7]. The most serious complications are bleeding, pancreatic fistula, anastomotic leakage and abdominal infection. In fact, during the procedure of D2 radical LND, it is difficult to dissect the local lymph nodes due to the limitation of the range of movement of the instruments, and the pancreas is compressed during upper pancreatic dissection, resulting in a higher incidence of postoperative pancreatic fistula.
Although D2 LND has achieved global consensus for advanced gastric cancer, whether station 8p should be dissected routinely remains controversial[8-10]. Some studies have found that the incidence of station 8p nodal metastasis increases as the AJCC T category is upstaged, with rate of station 8p lymph node metastasis (LNM) of advanced gastric cancer ranging from 12.9% to 16.4%[3]. In addition, residual station 8p LNM was one of the major causes of local recurrence of gastric cancer after initial resection. An increased number of surgeons have advocated dissection of station 8p during surgical resection for advanced gastric cancer[11-13]. However, the lymph nodes of station 8p are located behind the common hepatic artery, making complete dissection difficult. How to safely remove the station 8p lymph node remains to be optimized. Based on the anatomy of the portal triangle, the current study investigated the safety and efficacy of superior pancreatic LND with portal vein priority via the posterior common hepatic artery approach (SPLD-PPPH) for laparoscopic radical gastrectomy.

MATERIALS AND METHODS
Cohort
Data from 51 consecutive patients with gastric cancer who underwent laparoscopic D2+ radical resection between June 2018 and June 2020 in our hospital were retrospectively included. Among all the patients included, superior pancreatic LND was performed with portal vein priority via the posterior common hepatic artery approach. The scope of regional LND included stations 5, 7, 8a, 8p, 9, 11p, 12a and 12p. A standard datasheet was utilized to collect data at each institution. Demographic factors, including age, gender and body mass index (BMI), operation time, intraoperative blood loss were documented, whereas the tumor-related characteristics, total number and station of lymph node examined, as well as number and station of the positive nodes were collected based on final pathological report. The study was approved by the Ethics Committee of Deyang City People’s Hospital. A waiver of informed consent was obtained, since the data were analyzed from the electronic medical record and reported without personal identifiers.

Surgical procedures
Patients were placed in the supine position with 10-15° height difference between the head and feet and lower limbs abduction. The surgeon stood on the left side of the patient, with the assistant on the right side, and the scope-holding assistant stood between the legs of the patients (Figure 1).
An arc shape 5-port method was utilized. The observation port was placed at the lower edge of the umbilicus with a 12-mm trocar, and a pneumoperitoneum was introduced to maintain the intra-abdominal CO2 pressure between 12 and 13 mmHg. Another 12-mm trocar was placed below the costal margin of the left anterior axillary line as the main operation port, whereas a 5-mm trocar on the left side of the umbilicus was used as an auxiliary operation port. In addition, 5-mm and 12-mm trocars were respectively placed at the right anterior axillary line and the umbilicus of the right midclavicular line as assistant operation ports (Figure 1).
The concept of the portal triangle was defined as a triangular area formed by the upper edge of the pancreas, the left edge of the gastroduodenal artery, the right edge of the common hepatic artery and the beginning of the splenic artery (Figure 2). This triangle was the fixed projection of the beginning of the portal vein behind the common hepatic artery. It contained the dorsal pancreatic artery, initial segment of the portal vein, left gastric vein, station 8p lymph nodes, lymphatic vessels, and inferior vena cava (IVC).

Dissecting the portal triangle
The posterior part of the common hepatic artery was used as the approach to expose and protect the portal vein, and complete dissection of lymph nodes in stations 7, 8a, 8p, 9 and 11p of the superior pancreatic region. The specific surgical steps were as follows: (1) Judging the boundary of the portal triangular base of the portal vein (the upper edge of the pancreas): the assistant grabbed the bare area of the posterior wall of the stomach corresponding to the left gastric artery with their left hand and lifted it forward and upward to form the main tension of the posterior wall of the stomach. The right hand was always pulled upward with the corresponding point of the left hand to form an appropriate tension. The left hand of the main surgeon pulled or pressed the pancreas downward, and the right hand used the ultrasonic scalpel or electric hook to dissect along the upper edge of the pancreas; (2) Separation of the posterior pancreatic space: the ultrasonic scalpel or electric hook was used to separate the posterior pancreatic space parallel to the upper edge of the pancreas, from shallow to deep, from bottom to top, and from left to right. If the left gastric vein converged into the portal vein or splenic vein from the front of common hepatic artery, it should be separated, clipped and cut off; (3) Exposure of the dorsal pancreatic artery for protection or disconnection: in some patients, one or two branches of the dorsal pancreatic artery originated from the common hepatic artery, and the two ends of the artery could be dissected by the electric hook, and then clipped and disconnected, or preserved; (4) Exposure and protection of the portal vein: the tissue gap became loose after the dorsal pancreatic artery was cut off, and the light blue portal vein was faintly visible at this time. The anterior space of the portal vein was obtusely separated, and the portal vein was exposed by the dissection technique of the electric hook. The left hand continued to obtusely separate towards the hepatic hilar. In a small number of patients, the left gastric vein converged to the portal vein from the posterior direction of the common hepatic artery, and the left gastric vein was clipped close to the portal vein; (5) Along the space above the uncinate of the pancreas (this space continues with the Toldt space in front of the Gerota fascia), some patients could show metastatic and swollen lymph nodes and thick abdominal lymph vessels flowing into the intestinal trunk, which were clipped and cut off; (6) Continued separation back toward the IVC. The tissue in front of the site was loose, and there was no return vein branch or swollen lymph nodes; (7) The left adrenal gland was exposed by dissecting the starting segment of splenic artery and the left celiac artery along the anterior Toldt space of Gerota fascia above the splenic artery; and (8) The left gastric artery was dissected along the anterior space of the common hepatic artery and cut off. We continued to separate the proper hepatic artery for final confluence with the posterior space of the common hepatic artery. The lymph nodes in groups 7, 8a, 8p, 9 and 11p of the superior pancreatic region were removed completely (Figure 3).

RESULTS
A total of 51 patients were included; 34 were male (66.7%) and 28 (54.9%) were aged < 65 years. Most of the patients had a BMI < 24 (n = 34, 66.7%). In addition, according to the 8th edition of AJCC TNM staging, there were four (7.8%) patients in stage I, 13 (25.5%) in stage II, 33 (64.7%) in stage III and one (2.0%) in stage IV (Table 1). The average time duration for LND was about 1 h (67.7 ± 6.9 min), and the volume of intraoperative blood loss was < 100 mL (78.8 ± 17.8 mL). In addition, the average duration for postoperative exhaust was about 3 d. After surgery, four patients developed morbidities, including two with anastomotic leakage, one with the lung infection, and one with abdominal cavity infection; all of whom were treated successfully with percutaneous drainage and/or antibacterial treatments, with no need for reoperation, or in-hospital mortality (Table 1).

Nodal status after SPLD-PPPH
Among the 51 patients, the percentage who had LNM at stations 5, 7, 8a, 8p, 9, 11p, 12a and 12p was 23.5%, 15.7%, 17.7%, 9.8%, 13.7%, 7.8%, 7.8% and 3.9%, respectively. Station 8p had 14 lymph nodes examined, and the incidence of LNM was 14.3% (Table 2). In contrast, the incidence of LNM at stations 5, 7, 8a, 9, 11p, 12a and 12p was 21.8%, 11.6%, 13.1%, 7.9%, 5.6%, 6.8% and 4.2%, respectively (Table 2).

DISCUSSION
LNM is an independent risk factor for long-term outcome of gastric cancer after curative resection, and the station and number of lymph nodes removed definitely affect the tumor staging, guidance of postoperative adjuvant therapies, as well as long-term survival of patients[4,14,15]. Nowadays, the National Comprehensive Cancer Network (NCCN) Guidelines for Gastric Cancer in the United States and the Guidelines for the Treatment of Gastric Cancer in Japan and China have recommended D2 LND as the standard procedure during radical resection for advanced gastric cancer[16-18]. Typical D2 LND always exceeds 30 lymph nodes[19,20], In contrast, the national database identified that fewer than 15 lymph nodes were examined in a majority of American cases[21,22]. As such, it is likely that the majority of American patients did not undergo D2 LND. In fact, adequate D2 LND has been strongly recommended by the guidelines, as well as consideration of adjuvant therapies following standard gastrectomy (D2) for gastric cancer D2[23].
The 4th edition of the Japanese Guidelines for the Treatment of Gastric Cancer classified the station 8p lymph nodes outside the scope of D2 LND[8]. Whether it is necessary to expand the LND in station 8p is of debate[11,24]. Studies have reported that for advanced gastric cancer, removal of station 8p lymph nodes may improve the prognosis of patients with advanced gastric cancer[11]. In the current study, the incidence of station 8p LNM was 14.3%, which was similar to 12%-16% as reported previously, and the prognosis of patients with station 8p LNM was significantly worse[11,13]. As such, removal of station 8p lymph nodes might improve the prognosis of patients with gastrectomy, as well as inform adjuvant therapy strategies.
Given the difficult anatomic sites of station 8p lymph nodes (e.g., behind the common hepatic artery, adjacent to the portal vein and splenic vein), removal of them is technically challenging with high risk of portal vein injury, lymphatic fistula, and pancreatic injury. The current study is important as we introduced a new approach of SPLD-PPPH based on the concept of the portal triangle. The clinical significance of SPLD-PPPH approach included: (1) Complete clearance of the lymphatic tissues above the pancreas, including regional lymph nodes in station 8p, and avoidance of lymphatic residual or iatrogenic metastasis caused by lymph node transection via the front of the common hepatic artery; (2) The projection of the portal vein locates in this triangle, and its exposure can be actively performed for direct and effective protection of the vessel; (3) The left gastric vein can be dissected at the root of the portal vein to prevent retraction and bleeding; and (4) Lymphatic vessels can be clamped under direct vision to prevent postoperative lymphatic leakage.
In addition, intra- and postoperative complications related to the procedure should be cautioned against and can be avoided technically. First, intraoperative hemorrhage in the upper edge of pancreas: microvessels are common in the upper edge of the pancreas. Imprecise operation is the major reason for bleeding. Slow dissection with an ultrasonic knife and gauze compression can prevent bleeding. Portal vein injury: during the procedure of portal vein separation, fine dissection of loose tissue with an electric hook or blunt separation with forceps might be more appropriate to avoid portal vein injury. IVC injury: dissection of the lymphatic tissue to the front of the IVC is needed for complete clearance of the lymph nodes in the upper part of pancreas. The tissues in this area are loose with no venous branches, and blunt and sharp dissection with an ultrasonic knife is safe as long as the edge of the IVC is shown in the surgical scope. After surgery, the patients should be monitored for possible complications, including delayed massive hemorrhage of common hepatic artery, traumatic pancreatitis, lymph leakage, and intestinal dysfunction. Delayed hemorrhage of the common hepatic artery occurs mainly due to thermal injury and delayed necrosis of the vascular wall by ultrasonic knife. During surgery, the artery should be lifted up by the assistant, leaving the space behind the artery exposed, and the working face of the ultrasonic knife should avoid touching the vessels. Gentle dissection around the artery with the electric hook might be a better choice to avoid thermal injury of the vascular wall. Traumatic pancreatitis is mostly related to pancreatic membrane dissection during eradication of gastric cancer at the posterior wall of the stomach. Accurate judgement of the pancreatic tissue and the upper edge of the pancreas is critical to avoid pancreatic injury.
There were several limitations to the current study. First, all 51 patients underwent D2+ LND for advanced gastric cancer via SPLD-PPPH. As such, no control groups were available to define the advantage of this new approach. Nevertheless, we demonstrated that this new approach of SPLD-PPPH for D2 LND is easy and feasible in our patient cohort. However, validation of this new approach in other institutions is necessary. Second, the long-term survival of these patients was not reported due to the short period of follow-up, which needs to be further evaluated in the future.

CONCLUSION
About one in 10 patients with advanced gastric cancer had LNM at station 8p. Dissection of station 8p lymph nodes should be considered in patients with advanced gastric cancer. The current study introduced a new approach of SPLD-PPPH for D2+ LND during curative resection of advanced gastric cancer. With verification of this new approach in 51 patients, the SPLD-PPPH approach was safely and effectively performed with minimal morbidity of 7.8%. As such, this new approach can be adopted for station 8p LND in selected patients with gastric cancer.

ARTICLE HIGHLIGHTS
Research background
D2 lymph node dissection of station 8p lymph nodes in gastric cancer is technically difficult.

Research motivation
How to safely and effectively dissect the lymph nodes superior to the pancreas during gastrectomy remains a clinical challenge for surgeons.

Research objectives
The current study introduced a new procedure for dissection of the lymph nodes superior to the pancreas.

Research methods
Fifty-one patients who underwent laparoscopic gastrectomy for gastric cancer were retrospectively included with utilization of a new procedure for superior pancreatic lymphadenectomy (LND) with portal vein priority via the posterior common hepatic artery approach (SPLD-PPPH) based on a newly defined portal triangle.

Research results
All the procedures were safely performed. Among the 51 patients, 9.8% had lymph node metastasis at station 8p. Fourteen lymph nodes were harvested at station 8p, with an incidence of nodal metastasis of 14.3%.

Research conclusions
The new procedure of SPLD-PPPH is safe and effective for D2+ LND during laparoscopic radical gastrectomy.

Research perspectives
This new approach should be further evaluated with larger patient numbers.
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Figure 1 The position of the patients, the operators and distribution of the trocars during laparoscopic radical gastrectomy.
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Figure 2 The boundary of the portal triangle. PV: Portal vein; CHA: Common hepatic artery; GDA: Gastroduodenal artery; DPA: Dorsal pancreatic artery; PHA: Proper hepatic artery; SPA: Spleen artery; SPV: Spleen vein; IVC: Inferior vena cava.
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Figure 3 Portal triangle dissection. PV: Portal vein; CHA: Common hepatic artery; GDA: Gastroduodenal artery; PHA: Proper hepatic artery; SPA: Spleen artery.

Table 1 Baseline characteristics and surgical factors
	Basic data
	n = 51

	Sex (%)
	

	Male
	34 (66.7)

	Female
	17 (33.3)

	Age (%)
	

	< 65 yr
	28 (54.9)

	≥ 65 yr
	23 (45.1)

	BMI (%)
	

	< 24
	34 (66.7)

	24-27
	11 (21.6)

	> 27
	4 (7.8)

	TNM staging (%)
	

	I
	4 (7.8)

	II
	13 (25.5)

	III
	33 (64.7)

	IV
	1 (2.0)

	Duration of LND in the upper pancreas (min)
	67.7 ± 6.9

	Intraoperative blood loss (mL)
	78.8 ± 17.8

	Postoperative exhaust time (d)
	3.1 ± 0.9

	Postoperative complications (%)
	4 (7.8)


BMI: Body mass index; T: Primary tumor; N: Regional lymph nodes; M: Distant metastasis; LND: Lymphadenectomy.

Table 2 Nodal status after superior pancreatic lymphadenectomy with portal vein priority via posterior common hepatic artery approach
	Nodal station
	No. of patients with LNM
	Rate of patients with LNM (%)
	TNLE
	No. of positive LNs
	Rate of LNM (%)

	5
	12
	23.5
	55
	12
	21.8

	7
	8
	15.7
	164
	19
	11.6

	8a
	9
	17.7
	122
	16
	13.1

	8p
	5
	9.8
	14
	2
	14.3

	9
	7
	13.7
	127
	10
	7.9

	11p
	4
	7.8
	54
	3
	5.6

	12a
	4
	7.8
	44
	3
	6.8

	12p
	2
	3.9
	24
	1
	4.2


LNM: Lymph node metastasis; TNLE: Total number of lymph node examined; LN: Lymph node.
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