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Abstract

Key words

Background and Aims: Laparoscopic resection of centrally located hepatic tumors remains technically
demanding due to the complex anatomical relationships with major vascular structures. Conventional
intraoperative ultrasound or indocyanine green fluorescence imaging (ICG-FI) alone has limitations,
particularly in visualizing deep anatomical structures. This study aimed to evaluate the clinical value of
augmented reality (AR) navigation combined with ICG-FI in laparoscopic resection of central hepatic
tumors.

Methods: A retrospective analysis was conducted on 38 consecutive patients who underwent
laparoscopic resection of central hepatic tumors guided by AR navigation combined with ICG-FI
between May 2022 and March 2025. Intraoperative navigation performance, surgical parameters, and
perioperative outcomes were assessed.

Results: All 38 procedures were completed laparoscopically without conversion. The intraoperative
tumor fluorescence detection rate was 100%. The mean operative time was (324.9 + 132.4) min, and the
median intraoperative blood loss was 400 (50-1 200) mL. The mean registration error was (6.3+
0.6) mm. The median number of predicted and verified vessels was 6 (4-8) and 7 (5-10), respectively.
R, resection was achieved in all patients, with a mean surgical margin of (1.5+0.5) cm. The postoperative
complication rate was 13.2%, with no severe complications such as intra-abdominal hemorrhage, gas
embolism, or liver failure. The median postoperative hospital stay was 9 (4-20) days. During a median
follow-up of 20 months, no tumor recurrence was observed.

Conclusion: The combined use of AR navigation and ICG-FI enables intraoperative prediction and
verification of critical vascular structures and facilitates precise control of the transection plane in
laparoscopic resection of central hepatic tumors. This technique improves surgical precision and safety
and shows promising clinical potential.

Hepatectomy; Laparoscopes; Augmented Reality; Surgical Navigation Systems; Indocyanine Green
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Figure 1 Preoperative simulation of the resection plane

A-B: et i 5 B IAT Z B i0CR s C: =4Edm b 51 TEIkZ EER (RPPV: []

A-B: Relationship between the central hepatic tumor and surrounding

vessels; C: Relationship between the tumor and the portal vein in three-dimensional reconstruction (RPPV: right posterior

portal vein; P8: segment VIII portal branch; P5d: dorsal branch of segment V portal vein); D: Relationship between the
tumor and hepatic veins (MHV: middle hepatic vein; V5: segment V branch of MHV; V4a: segment [Va branch of MHV;
V4b, segment [Vb branch of MHV); E: Tumor located in the central liver (segments V and VIII); F: Simulated resection

pathway [(D the right anterior hepatic pedicle was identified via the hepatic plate; along the main trunk of the pedicle, the

right boundary of the tumor and the pedicles of segments V and VIII were explored, and the segment VIII pedicle was

divided; @ parenchymal transection was initiated from the left margin along the course of the MHV; & the liver

parenchyma was dissected along the main trunk of the MHV toward its root, where the right hepatic vein (RHV) was

identified; @ the liver parenchyma was then dissected along the RHV from the cranial to the caudal direction until complete

resection of the central hepatic tumor was achieved]
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Figure 2 Intraoperative verification of vessels and adjustment of the transection plane A-B: Identification of P8 and P5d

along the right anterior pedicle using AR navigation, with division of the S8 pedicle and preservation of P5d; C: Exposure
of'a distal MHV branch after parenchymal transection; D: Identification of the branch as V4b by AR comparison; E: A large

vein adjacent to the tumor observed under fluorescence mode; F: Confirmation of the MHV trunk by AR and adjustment of
the transection plane

e N
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Figure 3 Intraoperative prediction of vascular branches using AR fusion imaging A-B: Prediction and identification of V8i

draining into the MHYV, followed by careful dissection and division; C-D: Prediction and identification of V8d draining into
the RHYV, preventing vascular injury
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Table 3 The postoperative data of the 38 patients
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