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Introduction 

Nutrition is supplemented with parenteral or enteral 

nutrition If oral feeding is impossible or insufficient [1]. 

Enteral nutrition methods include nasogastric, nasoje-

junal tube, gastrostomy, and jejunostomy. Among them, 

feeding jejunostomy has the advantage of reducing 

nausea and vomiting and lowering the risk of aspira-

tion [2,3]. In particular, jejunostomy is widely used to 

improve the nutritional status of patients with expected 

complicated postoperative recovery after gastrointes-

tinal surgery or esophagectomy, and severe dysphagia 

due to esophageal or pharyngeal malignancies [4,5]. 

Laparoscopic feeding jejunostomy is a generally ac-

cepted procedure with higher rate of success and lower 
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Feeding jejunostomy is crucial for patients with compromised oral intake, particularly after gastrointestinal surgery or 
esophagectomy. Traditional methods involve interrupted sutures to secure the feeding tube to the abdominal wall, but this can 
be cumbersome due to the need for knot tying. This paper presents the case of a 75-year-old male patient who underwent min-
imally invasive esophagectomy with feeding jejunostomy for esophageal cancer, and introduces the use of a knotless barbed 
suture, which is commonly employed in gastrointestinal operations. The laparoscopic procedure utilized four trocars for jejunos-
tomy, employing a 3-0 silk purse string suture and a 14-Fr Foley catheter. The barbed suture was used to secure the catheter in 
place without knots, covering 360° around the catheter. This method aims to simplify laparoscopic feeding jejunostomy and 
improve clinical practice. 
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rate of complications [6,7]. To prevent dislocation of the 

tube, interrupted sutures are performed to anchor the 

tube with an abdominal wall. The authors used a knot-

less barbed suture, which has been widely used in gas-

trointestinal surgeries, to more easily anchor the tube to 

the abdominal wall. We would like to briefly introduce 

our method of laparoscopic feeding jejunostomy using 

the barbed suture material, which is performed after 

esophagectomy. 

Case Presentation 

Patient 
A 75-year-old male patient who had suffered dysphagia 

was diagnosed with an ulcero-infiltrative mass at be-
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tween 28 and 34 cm from an upper incisor, occupying 

about half of the lumen. Chest computed tomography 

showed reactive lymph nodes in the subaortic area, sub-

carina, both hilar and interlobar areas, and both axillae. 

He was diagnosed as cT4N1M0 and underwent neo-

adjuvant concomitant chemotherapy (5-fluorouracil, 

cisplatin) and radiation therapy (45 GY, 5 weeks) three 

times. Afterwards, transthoracic esophagectomy and re-

construction were planned. In the selective patients, we 

are performing placement of feeding jejunostomy con-

comitantly. This study was approved by the Institution-

al Review Board (approval number: PC24ZASI0151). 

Informed consent from the patient was waived due to 

retrospective study design and anonymized data. 

Surgical procedure 
Surgical procedure video is edited and presented. After 

esophageal transection using a transthoracic approach, 

a gastric tube was created laparoscopically, and esopha-

go-gastric anastomosis was made at the cervical level. 

Afterwards, jejunostomy was performed using the four 

trocars inserted during laparoscopic surgery (Fig. 1); 

a 5 mm port in the right upper quadrant and a 12 mm 

port between the umbilicus and the 5 mm port as the 

operator’s working ports, a 10 mm port at the umbilicus 

for the camera, and a 5 mm port at upper portion of left 

lower quadrant port for the assistant. When only feed-

ing jejunostomy was performed, the port for the jeju-

nostomy tube was inserted into the upper portion of left 

lower quadrant located between the mid-clavicular line 

and the anterior axillary line, and usually on the lateral 

side of rectus muscle, where the jejunal target insertion 

point is easily retractable to peritoneum. To fix jejunos-

tomy catheter, intra-corporeal purse-string suture was 

performed using silk 3-0 thread on the proximal jeju-

num, approximately 20 cm away from a Treitz ligament. 

A small enterotomy was made using electrocautery 

inside the purse string suture. A 14-Fr foley catheter was 

inserted into the enterotomy via the left lower quadrant 

port site. The foley balloon was inflated with 3 mL of 

distilled water. The purse string suture was tied to se-

cure the catheter so that it would not retract. To prevent 

torsion, alignment maintained so that the proximal jeju-

num was located at 2 o’clock and the distal was located 

at 8 o’clock, consistent with the anatomical location of 

the jejunum. One 3-0 absorbable knotless barbed con-

tinuous suture (Monofix) initiated at the peritoneum of 

the abdominal wall and seromuscular layer of the jeju-

num around the catheter. Importantly, initial suturing 

should begin at the jejunum and peritoneum where the 

view is obscured by the tube. In the same way, the purse 

string suture covering eight directions, and 360 degrees 

was performed. Afterward, the patency of the tube was 

checked, and fixed to the skin. 

Discussion 

Enteral nutrition is generally preferred to parenteral nu-

trition, as it is associated with fewer complications rates 

and enhanced recovery. Feeding jejunostomy is indi-

cated in cases of gastric outlet obstruction and severe 

gastroparesis and can reduce nausea and vomiting after 

enteral feeding [1,8]. 

Due to recent advances in equipment and techniques 

of minimally invasive surgery, feeding jejunostomy is 

widely performed by laparoscopic method [7,9]. An-

choring the feeding jejunostomy to the abdominal wall 

is important; previously, it was necessary to suture be-

tween the abdominal wall and the jejunum using two or 

more interrupted sutures. However, interrupted suture 

through laparoscopy is somewhat troublesome because 

it requires tying knots. To improve this, we tried anchor-

Fig. 1. Placement of trocars for laparoscopic feeding jejunos-
tomy. One 10-mm camera port was inserted at the umbilical 
level, as well as two working ports for the operator at the right 
upper quadrant (5 mm) and right lower quadrant (12 mm), 
respectively. Another 5-mm assistant port was placed at the 
upper portion of the left lower quadrant and was used for the 
jejunostomy site.
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ing the feeding jejunostomy with one barbed suture, 

which is extensively used in gastrointestinal surgery. 

There is no significant difference compared to the exist-

ing interrupted suture during the feeding jejunostomy 

procedure, but the major advantage is that it can be eas-

ily fixed in eight directions without making knots. 

In addition, our method has several features. In 

general, jejunostomy tube is preferred for feeding je-

junostomy because it is not clogged and not easily 

damaged compared to silicone tubes [1]. However, the 

authors use the foley catheter because of being easily 

available, durable, and not subject to retraction due to 

the balloon. Witzel procedure of feeding jejunostomy 

is a surgical technique, placing a feeding tube into the 

jejunum and securing it with a seromuscular tunnel 

to minimize complications like spillage [10]. At our 

institution, laparoscopic feeding jejunostomies using 

barbed sutures were performed in 20 cases, and there 

were no complications such as spillage, dislocation, or 

kinking even without tunneling. Even after removal of 

the tube, tract was spontaneously closed without enteric 

fistula. It might be dependent on minimal skin incision, 

purse-string suture and tight enteric seromuscular to 

peritoneal approximation with barbed suture material. 

Additionally, while the mean operation time of Witzel 

method was 45 minutes [10], that of our method was 

less than 10 minutes. Therefore, our method is safe and 

efficient for laparoscopic feeding jejunostomy.  

Fixation using barbed suture material is a technically 

simple and safe method when forming the feeding je-

junostomy, and it is hoped that it will be used in actual 

clinical practice as well. 
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Introduction 

D2 lymphadenectomy is the standard approach in local-

ly advanced gastric cancer [1,2]. Paraaortic lymph node 

(PALN), which are not included in the D2 lymphadenec-

tomy, are anatomically categorized as 16a1, 16a2, 16b1, 

and 16b2 based on their intraperitoneal location [3,4]. 

The presence of PALN metastasis represents stage IV 

disease [3]. 

During the preoperative evaluation, cases suggestive 
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Cancer Patients with Suspected Paraaortic Lymph Node 
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D2 lymphadenectomy is the standard approach for lymph node dissection in curable gastric cancer. However, paraaortic lymph 
node (PALN) dissection in addition to D2 lymphadenectomy has not been shown to improve survival rates and is therefore not 
routinely performed. Nevertheless, PALN sampling may be indicated for diagnostic purposes because it can provide critical in-
formation for accurate staging and treatment planning. Laparoscopic PALN sampling, however, poses significant challenges 
due to limited accessibility and visibility in the paraaortic region. Moreover, the proximity of major blood vessels, such as the ab-
dominal aorta and renal vein, is another difficult aspect of the procedure. In this context, we present two cases to demonstrate 
practical strategies for facilitating laparoscopic PALN sampling. The procedure can be effectively performed by first identifying 
the ligament of Treitz and then, when necessary, fixing the small bowel mesentery to the abdominal wall using a tagging suture 
so that there is adequate vision and enough working space. This enables careful and precise dissection of the target tissue 
without compromising the feasibility and safety of the operation. 
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of potential PALN metastasis occasionally arise. For 

patients not suspected of stage IV, the most reliable 

method to confirm PALN metastasis is through surgical 

sampling followed by histopathological evaluation. The 

results of such biopsies are crucial for accurate staging 

and determining the optimal treatment. However, PALN 

sampling is technically challenging due to the anatomi-

cal complexity and the difficulty in locating these nodes. 

In this report, we share our experiences with laparo-

scopic PALN sampling in gastric cancer patients sus-
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pected of PALN metastasis, providing insights to facili-

tate this procedure in similar clinical scenarios.  

Case Presentation  

Case 1 
A 23-year-old male presented with dysphagia and un-

derwent esophagogastroduodenoscopy (EGD) and 

computed tomography (CT) 1 year prior to evaluation. 

He was diagnosed with gastroesophageal junction can-

cer exhibiting clinical serosal invasion and extensive 

lymph node metastasis, including suspected PALN in-

volvement (Fig. 1A). The patient received neoadjuvant 

chemotherapy, and subsequent CT imaging revealed a 

slight reduction in tumor extent but persistent left PALN 

enlargement (Fig. 1B). 

Given these findings, total gastrectomy with colon 

interposition and laparoscopic left PALN sampling were 

performed. The PALN was accessed by first identifying 

the ligament of Treitz, and then fixating the small bowel 

mesentery to the abdominal wall using a tagging suture 

for enhanced visualization of the target lymph node (Fig. 

2A). This maneuver allowed easier identification of the 

left renal vein (Fig. 2B) and abdominal aorta (Fig. 2C), 

which enabled safe dissection and successful sampling 

of the PALN (Fig. 2D). Pathological evaluation con-

firmed the absence of metastasis, and a follow-up CT 

performed 4 months postoperatively showed complete 

resolution of the previously enlarged PALN (Fig. 1C). 

Case 2 
A 66-year-old male underwent EGD as part of a routine 

health screening, which revealed early gastric cancer 

located in the lower body and greater curvature of the 

stomach (Fig. 3A). Endoscopic submucosal dissection 

was performed, and pathological analysis indicated a 

3.1×2.5 cm submucosal invasion (SM2; 640 μm from 

the muscularis mucosae). CT showed an indeterminate 

enlargement of the left PALN (Fig. 3B). No additional 

diagnostic studies, such as positron emission tomogra-

phy-CT or multidisciplinary consultation, were under-

taken. Although the likelihood of distant lymph node 

metastasis in early gastric cancer is extremely low, a 

benign nature of the enlarged PALN could not be de-

finitively excluded without histological confirmation. 

Consequently, a totally laparoscopic distal gastrectomy 

with gastrojejunostomy and left PALN sampling were 

performed. 

Preoperative CT localized the left PALN adjacent to 

the celiac trunk and inferior to the splenic vein. Initial 

dissection beneath the pancreas, following its elevation, 

failed to locate the lymph node (Fig. 4A). Subsequently, 

using the approach described above in Case 1, left PALN 

was successfully sampled and sent to the pathologist 

for confirmation (Fig. 4B). Pathological examination 

confirmed the tissue as ganglion, and the final diagnosis 

was stage I gastric cancer. 

With regard to the case reports described above, an 

exemption from review was granted by the Institutional 

Fig. 1. (A) Esophagogastroduodenoscopy diagnosed with gastroesophageal junction cancer. (B) Computed tomography performed 
4 months after the start of neoadjuvant chemotherapy. Left paraaortic lymph node enlargement still remained (arrow). (C) Follow 
up computed tomography examined 4 months after the operation. The enlarged left paraaortic lymph node before the operation 
was resected and disappeared (arrow).
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Fig. 2. (A) Small bowel mesentery tagging suture to ensure a stable view. (B) Left renal vein (arrow) checked in the left area of the 
ligament of Treitz. (C) Abdominal aorta (arrow) checked in the lower area of left renal vein. (D) After careful dissection in the left 
side of abdominal aorta and below the left renal vein, left paraaortic lymph node sampling was successful.

Fig. 3. (A) Esophagogastroduodenoscopy diagnosed with early gastric cancer on lower body and greater curvature. (B) During pre-
operative evaluation, left paraaortic lymph node enlargement was found just below splenic vein on computed tomography (arrow).
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Review Board of Asan Medical Center. 

Discussion 

Lymph node metastasis is a critical prognostic factor 

in gastric cancer, necessitating adequate lymph node 

dissection during gastrectomy [5,6]. The standard ap-

proach for locally advanced gastric cancer is D2 lymph-

adenectomy [1]. 

The efficacy of paraaortic lymph node dissection 

(PALND) has been explored extensively. A landmark 

study conducted by the Japan Clinical Oncology Group 

and published in The New England Journal of Medicine 

in 2008 demonstrated that prophylactic PALND does 

not improve survival outcomes in patients with resect-

able gastric cancer [7]. However, subsequent studies 

have suggested that in cases of locally advanced gastric 

cancer with extensive lymph node metastasis, PALND 

combined with D2 lymphadenectomy after neoadjuvant 

chemotherapy may confer survival benefits in selected 

patient populations [8,9]. While prophylactic PALND is 

generally not advantageous, the procedure remains a 

valuable diagnostic tool in certain cases.  

When deemed necessary, performing PALN sampling 

for diagnostic purposes can provide essential informa-

tion for accurate staging and personalized treatment 

planning. This is particularly important in cases of early 

gastric cancer where PALN enlargement is detected, as 

the treatment strategy differs significantly depending on 

Fig. 4. (A) Initially pancreas was lifted and then dissection was attempted, but enlarged paraaortic lymph node was not found. (B) 
Subsequently after approaching the ligament of Treitz, laparoscopic paraaortic lymph node sampling was successful.

AA BB

whether the enlargement represents metastatic disease. 

Although distant lymph node metastasis is very rare in 

early gastric cancer, failure to confirm the benign of an 

enlarged PALN through biopsy may lead to challenges in 

clinical decision-making, including the potential over-

use of adjuvant chemotherapy. PALN sampling enables 

definitive diagnosis and facilitates an evidence-based 

approach to subsequent treatment. 

Laparoscopic PALN sampling is technically challeng-

ing due to limited accessibility and the proximity of 

major vascular structures such as the abdominal aorta 

and renal vein. Based on our clinical experience, several 

strategies can enhance the feasibility of this procedure. 

First, because most PALN enlargements are located 

near the ligament of Treitz, the laparoscopic port con-

figuration mirrors the standard five-port setup used 

for laparoscopic gastrectomy. Second, considering the 

design and precision of the tip among various laparo-

scopic energy devices, the harmonic scalpel, with its ca-

pability for refined dissection, may offer advantages in 

achieving successful PALN sampling. Third, in our cas-

es, all PALN enlargements were located on the left, ob-

viating the need for alternative approaches such as the 

Kocher maneuver. Instead, sampling was successfully 

performed through the ligament of Treitz in all cases. 

And to achieve optimal visualization, the first assistant 

can elevate the small bowel using atraumatic graspers 

to stabilize the ligament of Treitz view. In patients with 

significant visceral adiposity, securing the small bowel 

Paraaortic Lymph Node Sampling
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mesentery to the abdominal wall with a tagging suture 

(e.g., black silk 3-0 or vicryl 3-0) in a vertical orientation 

greatly enhances visibility. This technique facilitates 

precise dissection in a stable operative field. 

In conclusion, laparoscopic PALN sampling provides 

crucial diagnostic information for patients with en-

larged PALN and should be performed only after good 

visualization and enough working space have been se-

cured around the ligament of Treitz. 
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Introduction 

Endoscopic submucosal dissection (ESD) is an ad-

vanced and highly effective technique for the treatment 

of large and complex colorectal lesions [1,2]. This meth-

od has become increasingly important in the field of 

gastrointestinal oncology due to its minimally invasive 

nature and ability to achieve en bloc resection of tumors 

[1,3]. However, the procedure presents considerable 

technical challenges, such as maintaining a stable and 

clear field of view, accurately dissecting the submucosal 

layer, and minimizing the risk of perforation [4]. 

One of the most significant challenges in colorectal 

ESD is the difficulty in achieving adequate exposure 

of the submucosal layer, especially in cases where the 

lesion is located in a difficult-to-reach area or when 

fibrosis is present. Fibrosis, in particular, can make the 

dissection process more complex, increasing the risk 
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of perforation [3,4]. The double clip traction method 

addresses these challenges by providing reliable tissue 

retraction, thereby enhancing visualization and en-

abling precise dissection [5,6]. In this paper, I’d like to 

introduce the step-by-step methodology for performing 

colorectal ESD using the double clips traction method. 

Case Presentation 

The patient underwent colonoscopy at a local clinic due 

to rectal bleeding and then visited our hospital due to a 

rectal tumor detected by the colonoscopy. A colonosco-

py performed again at our hospital revealed a laterally 

spreading tumor measuring 5 cm in diameter, granular, 

nodular-mixed type, located 10–14 cm superior to the 

anal verge. A tissue biopsy confirmed it to be a tubulo-

villous adenoma, and it was decided to perform ESD. 

The ESD procedure was performed as follows (video). 
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This report was approved for exemption from review by 

the institutional review board (No. NCC2024-0139).  

Initial setup and marking  
The initial setup of the colorectal ESD procedure is 

crucial for its success. The lesion is identified, and its 

boundaries are meticulously marked using the endo-

scopic knife. These marks serve as a guide for the en-

doscopist, helping to maintain orientation throughout 

the procedure. During this phase, the endoscopist also 

assesses the lesion's characteristics, including its size, 

shape, and location within the colon. This assessment is 

critical as it informs the subsequent steps of the proce-

dure, particularly the placement of traction devices. 

Injection and creation of the mucosal flap 
A solution (often a mix of saline, epinephrine, and a 

dye) is injected into the submucosal layer to lift the le-

sion away from the muscularis propria, creating a safety 

cushion. For colorectal ESD, hyaluronic acid solution is 

commonly used because it provides the longest-lasting 

lifting effect. Initially, an appropriate amount was inject-

ed into the submucosal layer to elevate the lesion, and 

the solution was repeatedly injected as needed during 

the procedure. 

After marking and injection, an initial mucosal inci-

sion was made around the lesion to create a flap. This 

flap was gently lifted to expose the underlying submu-

cosal layer and confirm the exact dissection plane. To 

use the traction method, it was necessary to maintain 

the mucosal flap at an appropriate thickness and suffi-

cient distance from the lesion so that it would not tear. 

Application of endoscopic clips 
An endoscopic hemoclip is applied to the edges of the 

mucosal flap to serve as anchor points for traction. To 

ensure stable placement of the clip, the mucosal inci-

sion should be made at a safe distance from the lesion 

to allow room for the clip to be fixed. Sutures, threads, or 

dental elastic bands are attached to the clip for traction 

of the mucosal flap. The free end of the thread attached 

to the first clip is pulled and secured to the second clip, 

which is then strategically placed in another part of the 

mucosa or on the opposite colonic wall. In this case, a 

self-made traction band was used by twisting two dental 

elastic bands. The dental bands provide effective trac-

tion and appropriate tension to elevate the mucosal flap 

by their elasticity. This allows for proper exposure of the 

submucosal layer, allowing for accurate and safe sub-

mucosal dissection. 

Submucosal dissection 
During a colorectal ESD procedure, the submucosal 

dissection is performed using a DualKnife (model KD-

650L; Olympus), when a blood vessel was encountered, 

hemostasis was achieved using a Coagrasper (model 

FD-410LR; Olympus). Once hemostasis was secured, 

the dissection continued until the lesion was fully re-

sected. 

Tissue retrieval, fixation, and pathologic report 
After completing the submucosal dissection, the resect-

ed specimen was retrieved using an endoscopic net. 

To retrieve the lesion, the second clip may be removed 

from the mucosa using forceps, or in some cases, the 

thread is cut using endoscopic scissors, leaving the sec-

ond clip in place. The tissue is then oriented on a flat 

surface, pinned to maintain its shape, and submerged 

in formalin for fixation. Once the specimen is fixed, it is 

sent to the pathology lab. 

In this case, the ESD procedure was completed with-

out complications, and the total procedure time was 

130 minutes. The final pathology results confirmed the 

lesion as a tubulovillous adenoma with focal high-grade 

dysplasia. 

Discussion 

The double clip traction method enhances visualization 

of the submucosal layer during colorectal ESD, which is 

crucial for a safe and effective procedure. It maintains 

consistent tension on the mucosal flap, reducing the 

risk of perforation and allowing precise targeting of the 

dissection plane. The technique is simple, effective, and 

adaptable, requiring minimal setup and no additional 

equipment, making it accessible to less experienced en-

doscopists in ESD [5,6]. Its versatility is particularly ben-

eficial for both straightforward and complex resections, 

including those involving large or fibrotic lesions. 

The double clip traction method presents exciting op-
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portunities for further innovation and research. The in-

tegration of robotic assistance and AI-driven tools could 

also significantly improve the precision and safety of the 

procedure, providing real-time guidance and support to 

endoscopists. Continued research is essential to evalu-

ate the long-term outcomes including recurrence rates 

and complication incidences and to compare these 

outcomes with those of other ESD techniques [6]. There 

is also considerable potential for the application of dou-

ble-clip traction to other gastrointestinal procedures, 

which should be investigated to expand its impact and 

utility in clinical practice. 
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Introduction 

Liver resection remains the cornerstone of the curative 

interventions used for hepatocellular carcinoma (HCC). 

However, a significant proportion of HCC cases present 

with underlying liver dysfunction, necessitating careful 

preoperative assessment of future remnant liver volume 

and function, as well as overall patient condition [1]. 

In such instances, a parenchymal-sparing anatomical 

resection is recommended. This approach includes 

precise techniques such as selective Glissonean pedicle 

ligation and corresponding parenchymal dissection. 

Recent advancements in surgical technology have in-

troduced the use of real-time indocyanine green (IC-

G)-based fluorescence imaging for hepatectomy [2]. 

In this procedure, resection margins are determined 

post-ligation of the Glissonean pedicle via venous ICG 
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injection. ICG fluorescence imaging thereby enables a 

precise delineation of the intersegmental plane during 

surgery [3]. We here present a case of a hepatic resection 

performed using this technique. 

Case Presentation 

A 54-year-old male patient diagnosed with HCC during 

a follow-up for hepatitis B virus-induced liver cirrho-

sis underwent two transarterial chemoembolization 

procedures and radiofrequency ablation (RFA). He was 

transferred to our hospital due to a marginal recurrence 

after RFA. Subsequent preoperative imaging revealed 

a tumor in segment II (Fig. 1A). The patient’s alpha-fe-

toprotein level was 2.5 ng/mL, and he was classified as 

Child-Pugh A with an Eastern Cooperative Oncology 

Group performance status of 0. 



Surgery was performed in which the patient was 

placed in the supine position and, under general an-

esthesia, a 12 mm umbilical port was inserted for a 

laparoscopic camera. The pneumoperitoneum was 

established at 12–14 mmHg. Four additional ports were 

placed as follows: a 12 mm epigastric port for the Cavit-

ron ultrasonic surgical aspirator, a 5 mm right subcostal 

port for the surgeon’s left hand, a 5 mm left subcostal 

port for the assistant, and a periumbilical port for the 

external Pringle maneuver (Fig. 1B). 

A plastic tape was placed around the hepatoduodenal 

ligament, with the ends pulled out through a tube and 

secured with a Kelly clamp to prepare for the Pringle 

maneuver. The falciform ligament was dissected, the 

common trunk of the left and middle hepatic veins was 

identified, and the left coronary ligament was dissected. 

The left liver was elevated, and the Glissonean pedicles 

for segments II and III were isolated, and transected 

(Fig. 1C). The demarcation line was checked, and 2.5 

mg of ICG was administered intravenously for real-time 

fluorescence imaging to delineate the resection margin. 

Prior to parenchymal dissection, the round ligament 

was ligated using an endoloop and retracted to the right 

side. The left liver was sutured with barbed thread, and 

the peritoneum was sutured and fixed (Fig. 1D) [4]. This 

suturing further secured the resection field as the proce-

dure progressed (as depicted in the video). 

Liver resection was performed using an advanced 

bipolar system for the left hand and a Cavitron ultra-

sonic surgical aspirator after application of the Pringle 

maneuver (Fig. 1E). Parenchymal dissection was carried 

out along the border between the non-fluorescent and 
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Fig. 1. (A) A liver nodule with marginal recurrence in segment II following radiofrequency ablation (red circle). (B) Port placement for 
laparoscopic left lateral sectionectomy. (C) The Glissonean pedicles for segments II and III were ligated and transected. (D) The left 
liver was retracted to the left using a barbed suture. (E) The resection plane was marked along the demarcation line after the ad-
ministration of indocyanine green. (F) The left hepatic vein was exposed after parenchymal dissection along the fluorescent plane.
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fluorescent areas. The left hepatic vein was transected 

using an endoscopic stapler (Fig. 1F). The total surgi-

cal time was 1 hour and 21 minutes, with an estimated 

blood loss of 10 mL. The patient was discharged without 

complications at 7 days postoperatively and was under 

close monitoring for tumor recurrence at the time of 

writing. The patient has been under follow-up for 22 

months without evidence of recurrence. This study was 

approved by the Institutional Review Board (IRB) of the 

Asan Medical Center (IRB No: 2024-1178). Informed 

consent from the patient was waived due to anonymized 

data. 

Discussion 

Anatomical resection is considered the optimal sur-

gical approach for HCC, particularly for ensuring the 

complete removal of tumors within the corresponding 

portal vein territory [1]. Notably, however, its reproduc-

ibility has been challenged in the past by difficulties in 

consistently identifying reliable intrahepatic landmarks 

while preserving the resection plane [5]. The advent of 

ICG-guided parenchymal transection has introduced a 

highly reproducible and more precise method for liver 

resection [6]. Following inflow control, ICG fluorescence 

delineates the liver tissue designated for resection, 

thereby improving surgical accuracy. 

Meta-analyses of ICG-guided liver resections have 

since demonstrated significant benefits, including re-

duced blood transfusion rates, shorter postoperative 

hospital stays, and improved R0 resection rates, without 

an increase in postoperative complications [7]. Despite 

these advantages, however, proper inflow control is 

essential with this protocol, as incomplete control may 

lead to inaccurate staining of the resection margin, po-

tentially compromising surgical outcomes. In cases re-

quiring intervention at the third-order branch Glisson’s 

pedicles for subsegmentectomy, a parenchymal-first 

approach prior to ICG injection is recommended [8]. 

This technique thus ensures more precise delinea-

tion of the resection margin and facilitates a safer, more 

effective liver resection. The presented case further 

underscores the feasibility of utilizing ICG fluorescence 

imaging in hepatic resections, demonstrating that this 

method allows for real-time, precise identification of 

resection margins, potentially enhancing surgical out-

comes. 
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Introduction 

In Korea, breast cancer is the leading cancer in women, 

with a total of 28,851 new cases, accounting for 22.4% of 

all female cancer patients [1]. With the improvement in 

the 5-year relative survival rate (93.6%), an increasing 

number of patients and surgeons prefer breast-conserv-

ing surgery (BCS) to total mastectomy (68.6%) [2]. Since 

the resection margin (RM) is important for preventing 

local recurrences in BCS, preoperative localization 
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serves as a safeguard for ensuring a clear RM, especial-

ly in the case of non-palpable breast lesions [3]. The 

concept of localizing breast lesions was first described 

by Dodd et al. [2] in 1966, using fluoroscopic guided 

wire localization. In 1976, Frank et al. [4] modified this 

technique adding a hook tip. Today, wire-guided lo-

calization remains the most widely used method for 

localization of breast lesions. Localization wires vary in 

length from 3 to 15 cm and are preloaded in a 16 to 21 G 

needle introducer. The wire may include a hook, barb or 



pigtail to anchor it in place [5]. In recent years, however, 

many wire-free localization techniques have been intro-

duced, utilizing radioactive methods or non-radioactive 

methods, such as carbon localization, SAVI SCOUT, 

MagSeed, and LOCalizer. 

In Korea, possible choice among the options, carbon 

(Charcoal suspension) localization, first reported by 

Svane [6] in 1983, is often used as a cost-effective alter-

native. Charcoal suspension stains the tissue black, does 

not diffuse into the surrounding tissue, and allows the 

surgeon to localize the lesion even days or weeks later 

[6]. However, there have also been reports that carbon 

suspension can cause foreign-body giant-cell reactions, 

which may mimic malignancy on mammography and 

potentially lead to misdiagnosis during the follow-up 

period [7]. In addition, Rose et al. [8] reported a higher 

rate of close or involved margins when using carbon lo-

calization compared to wire-guided localization. 

In addition, wire-guided localization, require per-

cutaneous placement of a wire within the breast, with 

distal portion of the wire remaining outside the breast. 

Therefore, this procedure must be performed on the 

day of surgery or, at the latest, the day prior. In addition 

to this inconvenience, the procedure can cause pain 

for patients, and in some cases, the wire may become 

misplaced into the muscle, particularly in patients with 

scant breast tissue. This displacement can lead to bleed-

ing and significant pain. 

Similar concept with carbon localization, Lumi-

noMark was approved by the Drug Apporval System 

in Korea in May 2023. LuminoMark is an indocyanine 

green–macroaggregated albumin–hyaluronic acid 

mixture developed by Hanlim Pharm. Co., Ltd., Seoul, 

Republic of Korea. A parallel phase 2 and 3 multicenter 

clinical trial showed that LuminoMark was superior to 

charcoal regarding skin pigmentation and improving 

resection accuracy [9]. This paper aims to demonstrate 

the feasibility of LuminoMark as a new alternative for 

localization, as subsequently presented through the vid-

eo. 

Case Presentation 

A 67-year-old female patient was referred to our institu-

tion for surgical management following the detection of 

a Breast Imaging-Reporting and Data System category 

5 breast lesion during a routine mammogram (MMG) 

and ultrasound at a local clinic. A core needle biopsy 

confirmed invasive ductal carcinoma. The patient had 

been undergoing hormone replacement therapy for 

menopausal symptoms for the past 10 years and had a 

family history of breast cancer in her older sister. Her 

body mass index was 32.62 kg/m2. On physical exam-

ination, the mass was non-palpable, and there was no 

axillary lymphadenopathy. MMG at our institution 

revealed a 2.7 cm irregular isodense mass in the right 

upper inner quadrant. Ultrasound identified an irregu-

lar hypoechoic lesion measuring 2.2×1.9×1.3 cm at the 

1 o’clock position, 8 cm from the nipple, with no addi-

tional remarkable findings. This study was approved by 

the Institutional Review Board (IRB) of Asan Medical 

Center (IRB No: 2018-0079). 

Surgical procedures 
Following anesthesia in the usual manner, the lesion 

location was identified using ultrasound. As shown in 

the imaging, 0.2 mL of the prepared LuminoMark solu-

tion was injected at the tumor surface for localization. 

Accurate localization of the lesion was verified using the 

Lumino-imager, before and after the incision was made. 

Following the incision, marking the tumor boundaries 

with a needle at each end for convenience. Upon com-

pleting the resection, the Lumino-imager was used to 

confirm that both the excised lesion and the tumor bed 

were free of residual fluorescence, indicating complete 

removal. 

Discussion 

There were several options for localization, and it’s im-

portant to carefully weigh the pros and cons. The cur-

rent gold standard is wire-guided localization, but it has 

weaknesses regarding patient’s pain, wire migration, 

time limitation [10]. Rose et al. [8] demonstrated that the 

learning curve for carbon localization is relatively short, 

taking less than 2 weeks. Similarly, as LuminoMark 

utilizes the same principle as charcoal it also has a rela-

tively short learning curve. Furthermore, it offers more 

advantages than carbon localization in terms of aesthet-

ics, being free from skin pigmentation and reducing the 
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risk of misdiagnosis during follow-up mammography, 

as mentioned earlier regarding foreign-body giant-cell 

reactions [7]. 

However, some limitations remain. Although indocy-

anine green is safe and widely used in various clinical 

fields, LuminoMark lacks long-term follow-up data, 

necessitating further research. Additionally, the use of 

LuminoMark requires a specialized and costly detector 

for near-infrared fluorescence imaging, which utilizes 

indocyanine green to emit fluorescence for visualiza-

tion. Despite these minor drawbacks, the benefits of 

LuminoMark could outweigh these challenges, making 

it a feasible option for next-generation localization.  

Upon these advantages, we aimed to achieve a more 

precise and accurate localization using LuminoMark. 

Since achieving a clear margin is a critical part in BCS, 

a precise technique is required when injecting Lumi-

noMark. Because many tumors are too solid to inject the 

solution, pulling the needle back slightly can help. Nev-

ertheless, the fluorescence may still be clearly visible on 

the skin surface. It is also essential to inject very slowly 

to allow sufficient time for the solution to disperse. 
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Introduction 

Arteriovenous fistula (AVF) creation is the gold standard 

for hemodialysis access in patients with end-stage renal 

disease (ESRD) due to its superior long-term patency 

and lower complication rates compared to arteriove-

nous grafts [1]. A good surgical technique is essential to 

obtain optimal results and reduce the risk of primary 

failure [2].

A supplementary video (Video 1) is included to illus-

trate the step-by-step approach to a radiocephalic AVF, 

providing practical guidance for both novice and expe-

rienced surgeons.

Case Presentation 

A 60-year-old male patient with ESRD was referred for 

vascular access creation. The patient had underlying 

hypertension and diabetes mellitus but no prior history 
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Keywords: Arteriovenous fistula; Renal dialysis; Vascular surgical procedures; Surgical procedures, operative; Education, medical

Received: November 2, 2024  Revised: November 25, 2024  Accepted: December 9, 2024 
Corresponding author: Ji Il Kim, MD, PhD 
Division of Vascular Surgery, Department of Surgery, Uijeongbu Eulji Medical Center, Eulji University College of Medicine, 712 Dongil-ro, 
Uijeongbu 11759, Republic of Korea 
Tel: +82-31-951-2769, Fax: +82-31-915-2770, E-mail: jikim@eulji.ac.kr

of vascular surgeries or central venous catheter place-

ments. Preoperative duplex ultrasound mapping re-

vealed suitable vessels for AVF creation at the left wrist 

and upper arm. 

This study was approved by the Institutional Review 

Board (IRB) of Eulji University Uijeongbu Hospital, Ko-

rea (IRB No. UEMC 2024-12-010) and written informed 

consent was obtained from the patient. 

Preoperative assessment 
• �Vessel mapping: Duplex ultrasound was used to as-

sess the diameter and quality of the radial artery and 

cephalic vein. A radial artery diameter ≥2 mm and a 

cephalic vein diameter ≥2.5 mm were considered suit-

able for AVF creation. 

• �Patient evaluation: Comprehensive medical history 

and physical examination were conducted to identify 

comorbid conditions that might affect surgery or fistu-

la maturation. 
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Surgical procedures 
The surgical approach to AVF creation varies depending 

on patient-specific anatomy and surgeon preference. 

Key considerations include the size and quality of the 

vessels, the choice of suture material, and the type of 

skin incision. The following outlines commonly used 

techniques for AVF creation, acknowledging that varia-

tions exist and should be tailored to individual patient 

needs. 

Radiocephalic arteriovenous fistula at the wrist 
The patient was positioned supine with the left arm 

extended on an arm board under local anesthesia with 

sedation. A 5 cm longitudinal incision was made over 

the radial artery and cephalic vein at the wrist (Fig. 1A). 

The cephalic vein was identified and carefully dissect-

ed proximally to allow for a tension-free anastomosis, 

while the radial artery was exposed with care to pre-

serve surrounding nerves and structures. Both vessels 

were mobilized adequately to prevent tension at the 

anastomosis site, and venous branches were ligated to 

increase the vein’s mobility. After irrigating the vessels 

with heparinized saline and trimming the vessel ends 

to healthy tissue, an end-to-side anastomosis was per-

formed using continuous 7-0 polypropylene sutures un-

der loupe magnification. The choice of suture material 

for the anastomosis can vary; commonly used sutures 

include 6-0 or 7-0 polypropylene or other monofilament 

sutures. In this procedure, continuous 7-0 polypropyl-

ene sutures were used under loupe magnification for 

an end-to-side anastomosis. Key technical consider-

ations included gentle handling of the vessels to prevent 

spasm, precise suture placement to ensure lumen pa-

tency, and minimizing manipulation to reduce the risk 

of intimal hyperplasia. Upon completion, clamps were 

released, and a palpable thrill and audible bruit con-

firmed the success of the anastomosis. Hemostasis was 

achieved with careful inspection of the anastomosis site, 

and the incision was closed in layers using absorbable 

sutures for subcutaneous tissue and non-absorbable 

sutures for the skin. 

Brachiocephalic arteriovenous fistula 
In cases where distal vessels are inadequate, a bra-

chiocephalic AVF can be created. A transverse incision 

was made over the antecubital fossa (Fig. 1B), and the 

cephalic vein and brachial artery were exposed and 

mobilized. The cephalic vein was dissected proximally, 

and the brachial artery was carefully isolated. An end-

to-side anastomosis was performed, and the choice of 

suture material may include 5-0 or 6-0 polypropylene 

or other suitable sutures. In this case, 6-0 polypropylene 

sutures were used. The cephalic vein was spatulated 

to match the diameter of the brachial artery, ensuring 

optimal hemodynamics and reducing turbulence at the 

anastomosis site. After completing the anastomosis, 

flow was established, and hemostasis was confirmed 

before closing the incision appropriately. 

Brachiobasilic arteriovenous fistula with transposition 
For patients lacking suitable superficial veins, a bra-

chiobasilic AVF with vein transposition is an effective 

Fig. 1. (A) Intraoperative view of a radiocephalic arteriovenous fistula at the wrist. The radial artery (white arrows) and cephalic vein 
(black arrows) are carefully dissected for tension-free anastomosis. (B) Brachiocephalic arteriovenous fistula in the antecubital fos-
sa. The cephalic vein is mobilized and anastomosed end-to-side to the brachial artery. (C) Brachiobasilic arteriovenous fistula with 
transposition. The basilic vein is first anastomosed to the brachial artery and subsequently transposed superficially.
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alternative. A two-stage procedure was performed (Fig. 

1C). In the first stage, a longitudinal incision along the 

medial aspect of the upper arm was made to mobilize 

the basilic vein, which was then prepared for an end-

to-side anastomosis with the brachial artery using 6-0 

polypropylene sutures, though suture size may vary 

between 5-0 and 7-0 based on surgeon preference and 

vessel size. After allowing time for maturation, the sec-

ond stage involved transposing the matured basilic vein 

superficially through a subcutaneous tunnel to facilitate 

easy cannulation. Care was taken to prevent kinking or 

torsion of the vein during transposition, which could 

compromise flow. Alternative techniques include per-

forming the transposition in a single stage or utilizing 

different incision approaches, such as creating a super-

ficialized straight-line basilic vein transposition. The 

choice between one-stage and two-stage procedures de-

pends on factors such as vein size, patient comorbidities, 

and surgeon experience. Successful flow and hemostasis 

were confirmed, and the incision was closed in layers. 

Postoperative care 
Patients were monitored for immediate postoperative 

complications such as bleeding, thrombosis, or infec-

tion. Physical examinations and duplex ultrasounds 

were conducted regularly to assess fistula maturation. 

Successful maturation was defined by adequate flow 

rates and vein diameter suitable for dialysis needle can-

nulation. The patients began hemodialysis using the 

new AVF within 4 to 6 weeks postoperatively without 

any significant complications. 

Discussion 

Selecting the appropriate type of AVF and surgical tech-

nique is crucial and depends on patient-specific factors 

such as vessel size, quality, and previous access sites 

[3]. The radiocephalic AVF is preferred due to its distal 

location, preserving proximal sites for future access. 

However, when distal vessels are unsuitable, proximal 

options like brachiocephalic or brachiobasilic AVFs are 

considered. 

Technical considerations 
• �Vessel handling: Gentle manipulation reduces the risk 

of vasospasm and intimal injury. 

• �Anastomosis technique: Precise suture placement en-

sures patency and reduces turbulence. 

• �Tension-free connection: Adequate mobilization pre-

vents anastomotic stress and promotes maturation. 

• �Use of magnification: Enhances visualization and ac-

curacy during the procedure. 

Training and education 
Competency in AVF creation is essential for vascular 

surgery trainees. A structured, step-by-step tutorial en-

sures systematic skill acquisition, emphasizing patient 

safety and surgical proficiency. Progression through 

training phases with mentor approval guarantees pre-

paredness at each stage. 

Conclusion 
Arteriovenous fistula creation is a fundamental proce-

dure in vascular surgery, essential for providing reliable 

hemodialysis access to patients with ESRD. Mastery of 

various surgical techniques and individualized patient 

care are paramount to optimizing outcomes and ex-

tending the lifespan of vascular access sites. The stan-

dardized methods and training protocols presented can 

serve as a guideline for trainees and practicing surgeons 

alike. 
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