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SUMMARY: 
To evaluate the clinical benefits of laparoscopic right hemihepatectomy via the in situ anterior approach, emphasizing its advantages in minimizing tumor dissemination risks, reducing bleeding, and enhancing surgical safety, particularly for complex liver tumors.

ABSTRACT:
Laparoscopic hepatectomy has gained widespread acceptance as a minimally invasive alternative to open liver resection, offering reduced postoperative pain, shorter hospital stays, and faster recovery. Among its various techniques, laparoscopic right hemihepatectomy via the in situ anterior approach represents a significant advancement in oncological and surgical safety. Unlike conventional methods requiring full mobilization of perihepatic ligaments, this approach preserves the liver's anatomical position throughout resection. By avoiding excessive rotation or compression of the liver parenchyma, it mitigates the risks of iatrogenic tumor dissemination, capsular rupture, and hemorrhage, critical concerns in malignancy surgery. This technique is especially advantageous for high-risk scenarios: (1) exophytic tumors with fragile capsules susceptible to rupture during manipulation, (2) large tumors (>10 cm) where mobilization may compromise vascular control, and (3) cases with venous tumor thrombus where dislodgement could lead to catastrophic embolism. The in situ strategy aligns with the principles of tumor-free surgery (no-touch technique) and precision hepatectomy, as it enables direct visualization of deep vasculobiliary structures without destabilizing the liver. Early clinical studies report lower transfusion rates and reduced conversion to open surgery compared to traditional approaches. Given its technical feasibility and oncological rigor, the in situ anterior approach should be prioritized for complex liver resections, particularly in centers with advanced laparoscopic expertise. Further multicenter studies are warranted to standardize its procedural steps and validate long-term oncologic outcomes. Nonetheless, current evidence supports its adoption as a first-line minimally invasive strategy for large or high-risk liver space-occupying lesions.

INTRODUCTION: 
As a representative surgical procedure in minimally invasive liver surgery, laparoscopic hepatectomy has consistently demonstrated its safety and clinical efficacy1,2. However, the clinical application of this technique continues to face two significant challenges. First, the three-dimensional variability of liver anatomy combined with tissue remodeling characteristics under pathological conditions substantially increases the complexity of surgical planning. Second, limited stereoscopic perception and restricted instrument maneuverability in laparoscopy remain major obstacles to the widespread adoption of laparoscopic anatomical hepatectomy3,4. Particularly noteworthy is the considerable variation in technical standardization among different surgeons, which significantly hinders the standardized dissemination of this surgical approach5.

Regarding the selection of approaches for right hemihepatectomy, two primary technical paradigms exist: the traditional free approach and the anterior approach6,7. The traditional approach involves complete mobilization of the perihepatic ligaments (including the right triangular ligament, coronary ligament, and hepatorenal ligament) to achieve liver displacement, which facilitates exposure of the deep surgical field and hemorrhage control. However, frequent intraoperative traction in this approach may result in mechanical dissemination of tumor cells or tumor rupture and bleeding. In contrast, the anterior approach preserves the perihepatic ligaments, maintaining the liver in situ, and when combined with regional blood flow occlusion of Glisson's sheath (the fibrous sheath of portal triads within the liver), it further ensures surgical safety and adherence to the tumor-free resection principle8. Nevertheless, the laparoscopic anterior approach presents certain limitations, particularly in hemorrhage control during liver transection. The restricted visual field of laparoscopy may lead to disorientation during parenchymal division, posing technical challenges.

Hepatic hemangioma represents the most prevalent benign space-occupying lesion of the liver, with treatment decisions requiring strict adherence to the symptom-size dual-dimensional evaluation system9. In most cases, clinical intervention is unnecessary, with regular follow-up serving as the primary management strategy. However, surgical resection emerges as the most effective therapeutic approach for massive tumors that either cause clinical symptoms or demonstrate progressive enlargement, leading to complications such as Kasabach-Merritt syndrome (a consumptive coagulopathy complicating aggressive vascular tumors in infancy). Drawing upon the clinical implementation of laparoscopic anatomical right hemihepatectomy via the anterior approach for giant liver hemangioma management, this article specifically addresses three critical technical aspects: anatomical plane preservation, hemorrhage control strategies, and optimization of tumor-free surgical techniques10.

CASE PRESENTATION: 
A 62-year-old male patient presented with a 2-year history of right upper quadrant abdominal pain. His medical history was unremarkable, with no chronic diseases or prior surgical interventions.   

Diagnosis, Assessment, and Plan: 
Preoperative imaging confirmed the diagnosis of a giant hepatic hemangioma occupying the right liver lobe (Figure 1A–D). Preoperative imaging demonstrated a solitary, large expansile hemangioma in the right hepatic lobe, causing significant compression of the proximal segments of both right anterior and posterior hepatic pedicles. The lesion showed close proximity to the inferior vena cava with partial encasement of the middle hepatic vein origin. Given that conventional surgical approaches requiring right liver mobilization carry substantial risks of intraoperative hemorrhage from tumor rupture and potential conversion to open surgery, we preoperatively planned to perform a laparoscopic in situ anterior approach right hemihepatectomy.

PROTOCOL:
This study protocol complied with the ethical requirements of the Medical Ethics Committee of the People's Hospital of Ningxia Hui Autonomous Region, and written informed consent was obtained from the participant.

1. Pre-surgical steps

1.1. Induce general anesthesia following institutional protocols, then perform endotracheal intubation.

1.2.  Position the patient supine with legs abducted. Elevate the right hepatic region approximately 30° using a bolster.

1.3.  Employ a five-trocar technique. 

1.3.1. Make a 2-cm incision slightly superior and to the right of the umbilicus to establish pneumoperitoneum, then place a 12-mm trocar and insert a 30° laparoscope. 

1.3.2. Place additional trocars as follows: a 12-mm trocar 2 cm below the xiphoid process, a 5-mm trocar 5 cm above the umbilicus on the anterior midline, and a 5-mm trocar 6 cm below the right costal margin along the midclavicular line. 

1.3.3. Finally, insert a 5-mm trocar at the 9th intercostal space along the right anterior axillary line.

1.4. Position the surgical team. 

1.4.1. Position the monitor at the head of the patient; have the surgeon stand on the patient's right side holding a suction device in the left hand for aspiration and exposure assistance while using an ultrasonic scalpel in the dominant hand to transect the liver parenchyma. 

1.4.2. Position the first assistant on the patient's left side to operate instruments such as dissecting forceps, bipolar electrocautery, or a suction device, and place the laparoscope operator between the patient's lower limbs.
[bookmark: _GoBack]
2. Main steps of surgery

2.1. Dissect the gallbladder triangle and ligate and dissect the cystic artery and cystic duct. Then dissect the gallbladder from the fundus downward, and lower the right hepatic hilar plate through the gallbladder bed approach to expose the right anterior hepatic pedicle.

2.2. Split the left and right caudate lobes anterior to the inferior vena cava; transect part of the short hepatic veins; divide the caudate process longitudinally; transect the Glisson pedicle of segment 1c (G1c); then expose the right posterior hepatic pedicle.

2.3. Bluntly dissect the right anterior and posterior hepatic pedicles; suspend them with silk sutures; after confirming structural integrity, clip the pedicles using a laparoscopic non-crushing vascular clamp (Figure 2A); then observe and mark ischemic demarcation lines on the liver surface (Figure 2B).

2.4. Perform intermittent Pringle's maneuver with 15 min occlusion and 5 min reperfusion cycles. Transect the parenchyma along the ischemic demarcation line using an ultrasonic surgical device (Figure 2C). 

2.5. Identify a middle hepatic vein (MHV) branch at the liver base during intraoperative exploration; carefully trace it to anatomical landmark B (Figure 2D). After controlled transection of the right anterior MHV tributary, systematically dissect the parenchyma along the MHV axis. Maintain the transection plane in direct alignment with the MHV course, extending precisely toward its root at the inferior vena cava (Figure 2E).

2.6. After completing parenchymal transection, meticulously dissect the right hepatic pedicle to achieve full circumferential exposure; then, securely transect it using a vascular linear stapler . (Figure 2F).

2.7. Carefully dissect the liver parenchyma cephalad and dorsally along the anterior surface of the inferior vena cava (IVC) (Figure 2G).   Systematically transect the short hepatic veins and Makuuchi's ligament to fully expose the right hepatic vein (RHV) root (Figure 2H). Then, securely transect the RHV using a vascular linear stapling device (Figure 2I).

2.8. Completely mobilize and resect the right hepatic lobe along the predetermined transection plane. Carefully place the surgical specimen in an endoscopic retrieval bag. Meticulously inspect the resection surface and achieve definitive hemostasis through systematic coagulation and compression.

3. Postoperative management

3.1. Stain specimens of liver-occupying lesions with Hematoxylin and Eosin (HE) for pathological diagnosis confirmation.

3.2. Provide liver protection, infection prevention, and stress ulcer prevention.

3.3. Review complete blood count, hepatic and renal function panels, and coagulation profiles on postoperative days 1, 3, 5, 7, and 10.

3.4. Remove the urinary catheter on postoperative day 1; initiate ambulation; advance diet to clear liquids.

3.5. Perform non-contrast CT of the thorax and abdomen on postoperative day 5.

3.6. Perform contrast-enhanced CT of the liver and remove the abdominal drain on postoperative day 10.

REPRESENTATIVE RESULTS:
The procedure was successfully completed in 380 min with an estimated blood loss of 350 mL, without requiring transfusion. No postoperative complications occurred, including bleeding, bile leakage, surgical site effusion, abdominal infection, or liver failure. Follow-up chest CT revealed minimal bilateral pleural effusion that resolved spontaneously, while repeat liver CT showed normal vascularization and venous drainage of the left lobe (Figure 3A–D). The patient was discharged on postoperative day 10, with final pathology confirming a diagnosis of hepatic cavernous hemangioma.

FIGURE AND TABLE LEGENDS:
Figure 1: Preoperative liver CT.  (A) Non-contrast period. (B) Arterial phase. (C) Venous phase. (D) Equilibrium Period.

Figure 2: The main steps of the surgery. (A) Extrathecal dissection and clamping of the right anterior and right posterior hepatic pedicles. (B) Marking of the liver surface ischemia line. (C) Superficial liver parenchyma is dissected according to the ischemic line. (D) Locate point B, revealing the middle hepatic vein. (E) Dissection of the liver parenchyma by the middle hepatic vein. (F) Cutting and closing the right pedicle of the liver. (G) The right side of the inferior vena cava is a sign of hepatic parenchyma. (H) The root of the right hepatic vein is fully exposed. (I) Cutting and closing the root of the right hepatic vein.

Figure 3: Postoperative liver CT. (A) Non-contrast period. (B) Arterial phase. (C) Venous phase. (D) Equilibrium Period.

Figure 4: Liver section. (A) Middle hepatic vein. (B) Broken end of the right hepatic pedicle. (C) Right hepatic vein severance; (D) Right portion of inferior vena cava.

DISCUSSION: 
Hepatic hemangioma, the most common benign liver tumor in adults, has a reported incidence ranging from 0.4% to 20.0%11. Giant hepatic hemangiomas (defined as ≥ 10 cm in diameter) frequently cause symptoms such as abdominal pain, distension, and poor appetite due to their mass effect12. Progressive enlargement may lead to severe complications, including Kasabach-Merritt syndrome, spontaneous rupture, or hemorrhage13,14. Current guidelines recommend surgical intervention for cases with concomitant symptoms. Transcatheter arterial embolization (TAE) represents an effective intervention for hepatic hemangiomas, offering advantages including minimal invasiveness, cost-effectiveness, rapid postoperative recovery, and well-documented short-term efficacy. However, the central hypovascularity of giant hemangiomas (≥10 cm) compromises therapeutic outcomes, resulting in suboptimal long-term control with elevated recurrence rates (25–60% at 5 years) and frequent requirement for reintervention. Significant procedure-related complications may occur, such as acute cholecystitis, post-embolization biloma, hepatic necrosis, severe biliary cast syndrome, and liver abscess formation. Alternatively, TAE may be employed as a bridge therapy to achieve tumor volume reduction prior to staged surgical resection15.

The two primary radical treatment options—partial hepatectomy and tumor enucleation—achieve complete lesion removal and are considered the most effective therapeutic approaches for hepatic hemangioma10. Laparoscopic hepatectomy, increasingly favored over open surgery due to its minimally invasive nature and faster postoperative recovery, has become a widely accepted technique16,17. However, laparoscopic resection of giant hemangiomas presents unique challenges, including a restricted surgical field, diminished tactile feedback, and heightened difficulty in intraoperative bleeding control18. The risks are further amplified when hemangiomas are adjacent to major hepatic vasculature or located in the right lobe or caudate lobe, where numerous short hepatic veins communicate with the inferior vena cava. Inadequate management of these vessels may precipitate massive hemorrhage, potentially necessitating conversion to open surgery18,19. 

Given that surgical risk correlates primarily with intraoperative blood loss, meticulous hemorrhage prevention and control are critical to ensuring procedural safety and success19. Three key technical principles underpin safe laparoscopic liver resection: (1) effective intraoperative bleeding control, (2) precise management of critical vascular structures, and (3) maintenance of an optimal liver transection plane. These principles remain central throughout the entire surgical process20. Despite advances, the safe and precise execution of laparoscopic hepatectomy for complex cases continues to pose significant challenges.

Laparoscopic anatomical right hemihepatectomy was successfully performed via an in situ anterior approach for a giant right hepatic lobe hemangioma. Capitalizing on laparoscopy's unique caudal and dorsal visualization, the surgeon achieved precise exposure of local anatomy, facilitating meticulous dissection through standardized procedural steps. The transection plane was meticulously defined along the right border of the middle hepatic vein and retrohepatic inferior vena cava, with parenchymal division proceeding systematically from caudal to cephalad to completely separate the hemilivers while maintaining anatomical positioning, culminating in en bloc resection of the right hemiliver. 

During the procedure, the gallbladder plate was lowered following Laennec's capsule anatomy and the "portal theory," with systematic dissection of Gates III-VI. The right hepatic pedicle was then isolated and clamped via the extrathecal approach to establish the ischemic demarcation line. Recent advancements in Laennec's capsule-based anatomy and standardized portal theory classification have transformed extrathecal dissection into a mainstream technique for laparoscopic hilar dissection21–23. This method optimally leverages laparoscopic advantages by enabling precise, safe pedicle control while significantly reducing both operative duration and intraoperative blood loss24, demonstrating superior efficacy in modern minimally invasive liver surgery25.

In laparoscopic anatomical hepatectomy, two critical technical challenges are controlling the liver transection plane and managing deep hepatic vessels. The optimal parenchymal dissection plane should follow an avascular or minimally vascular interface to maximize surgical safety while providing oncological and minimally invasive benefits26,27. The hepatic vein serves as the natural anatomical boundary between segments, with its course closely corresponding to the ischemic demarcation line after target pedicle occlusion. Transection along this venous pathway minimizes Glisson system encounters, reduces bleeding risk, and allows proactive exposure of major venous trunks to prevent catastrophic injury28. The classic approach combines three key landmarks: the surface ischemic line, intrahepatic guide veins, and the retrohepatic Inferior Vena Cava (IVC) to precisely control the dissection plane29. Regarding vascular management, after achieving safe dissection and adequate working space, the right hepatic pedicle and right hepatic vein root should be sequentially divided using staplers only after complete mobilization ensures sufficient length for secure application. This method of controlled transection with vascular staplers on fully liberated structures represents the safest and most effective technique for major vascular control30.

This protocol demonstrates the successful execution of an anatomical right hemihepatectomy, meeting all established technical standards30. The procedure involved meticulous dissection of the right hepatic pedicle followed by selective occlusion to achieve clear ischemic demarcation. Intraoperative management included controlled division of middle hepatic vein branches with complete exposure of its main trunk. The final transection plane revealed four critical anatomical landmarks: (1) the preserved middle hepatic vein, (2) the divided right hepatic pedicle, (3) the secured stumps of the right hepatic vein, and (4) the exposed right aspect of the retrohepatic vena cava (Figure 4A–D). This systematic approach ensured precise vascular control and complete anatomical resection.

The laparoscopic in situ anterior approach for anatomical right hemihepatectomy demonstrates significant advantages in managing giant hepatic hemangiomas. This technique combines precise hilar dissection with controlled parenchymal transection, achieving dual objectives: complete tumor resection while eliminating risks associated with tumor manipulation (including rupture and hemorrhage). The approach consequently reduces perioperative complications, accelerates postoperative recovery, and improves overall patient outcomes. When implemented with appropriate patient selection and standardized operative protocols, the procedure demonstrates enhanced safety and reproducibility. This approach is also applicable to other massive space-occupying lesions in the right hepatic lobe (such as malignant liver tumors, etc.) requiring surgical intervention. Combining minimally invasive benefits with radical resection principles, this method fully aligns with Enhanced Recovery After Surgery (ERAS) protocols. We recommend its clinical adoption for suitable candidates, contingent upon strict adherence to indication criteria and performance by experienced hepatobiliary surgeons.
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