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Abstract. Background/Aim: The visualization of hepatic
segments with indocyanine green (ICG) fluorescence can aid in
anatomic liver resection. The present study aimed to develop a
method to specifically label an hepatic segment in a nude
mouse model with liver metastasis. Materials and Methods: An
orthotopic mouse model was established by surgical orthotopic
implantation (SOI) of a patient-derived colon-cancer liver
metastasis in the left lobe of the liver. Three weeks after SOI,
the left Glissonean pedicle was ligated and 10 μg ICG was
administrated intravenously. Images were obtained with the
Pearl Trilogy Imaging System. Results: All mice expressed an
800 nm signal from ICG on the right lobe of the liver. The left
lobe of the liver, in which the tumor was located, showed no
fluorescence and had ischemia due to successful ligation of the
Glissonean pedicle. Conclusion: The ligation of the Glissonean
pedicle enables specific liver-segment labeling with ICG, which
has potential clinical application for liver metastasectomy.

Liver resection is the mainstay curative treatment of liver
tumors (1, 2). Anatomic liver resection is recommended for the
treatment of hepatocellular carcinoma (3). Resectability is
determined by the number and location of tumors in the liver.
Accurate visualization of the liver segmental anatomy at the
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time of tumor resection is critical for a successful procedure (4).
Indocyanine green (ICG) and a near-infrared camera
system are effective for tumor visualization in the clinical
setting during resection of liver tumors and metastases (5).
ICG enters hepatocytes through a transporter expressed on
the sinusoidal membrane of the hepatocytes. ICG
accumulates before excretion into bile canaliculi (6).
Hepatic segments can also be specifically labelled by
intravenous ICG injection after blocking the blood flow of the
cancer-bearing segment (7, 8) by ligation of the Glissonean
pedicle (9). Surgeons can then perform anatomic liver
resection of the non-fluorescent area containing the tumor.
The present study applies the ligation technique to
specifically label a liver segment in a patient-derived orthotopic
xenograft (PDOX) nude-mouse liver-metatasis model, for
anatomic liver resection.

Materials and Methods

Animals. Nude (nu/nu) mice, age 4-6 weeks purchased from
Jackson Lab (Bar Harbor, ME, USA), were used for this study.
The animals were fed an autoclaved laboratory diet. All surgical
procedures were performed with anesthesia by intra-muscular
injection of ketamine, xylazine and acepromazine reconstituted in
phosphate-buffered saline (PBS). Mice were treated with
buprenorphine for pain control after surgical procedures. At the
conclusion of the study, mice were euthanized with CO 2
inhalation, which was confirmed with cervical dislocation. All
studies were approved by the San Diego Veterans Administration
Medical Center Institutional Animal Care and Use Committee
(IACUC), animal -use protocol A17-020 (10).

Ligation of the left Glissonean pedicle of nude mice. A 15-mm incision
was made vertically in the midline of the upper abdomen through the
skin and peritoneum. The whole liver was exposed and set in the
cranial-inversion position. The left Glissonean pedicle was isolated and
ligated with 6-0 surgical sutures under magnification using an MVX10
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microscope (Olympus, Tokyo, Japan). The liver was gently returned
to the peritoneal cavity and the abdominal wall and skin were closed
with 6-0 surgical sutures (Ethicon Inc., NJ, USA) (Figure 1A).

Tumor establishment. A colon-cancer liver metastasis was obtained
from UCSD Thornton Hospital under UCSD IRB protocol 140046 with
informed patient consent. A portion of the tumor was placed in
phosphate-buffered saline (PBS) on ice and transferred to the
laboratory. Fresh tumor fragments were subcutaneously implanted in
nude mice. Grown tumors were harvested and cut into small fragments.
Nude mice (n=4) were anesthetized by intra-muscular injection
of 0.02 ml of the ketamine solution. The abdomen was prepped
with 70% ethanol solution. A 10-mm incision was made vertically
in the midline of the upper abdomen through the skin and
peritoneum. The left lobe of the liver was exposed and a 1 mm
incision was made through the liver parenchyma. Surgical
orthotopic implantation (SOI) was performed by implanting a
single 1 mm3 tumor fragment in the left lobe of the liver
parenchyma. After hemostasis was achieved, the liver was gently
returned to the peritoneal cavity, and the abdominal wall and skin
were closed with 6-0 surgical sutures.
Administration of ICG. Three weeks after SOI, a 15 mm incision was
made vertically in the midline of the upper abdomen through the skin
and peritoneum. The whole liver was exposed to ensure adequate
establishment of the tumor in the liver parenchyma. The left
Glissonean pedicle was isolated and ligated with 6-0 surgical sutures
as described above (Figure 1A). Five minutes after isolation and
ligation of the Glissonean pedicle, 10 μg of ICG was administered
via tail vein injection (Figure 1B).

In vivo imaging. The Pearl Trilogy Small Animal Fluorescence
Imaging System (LI-COR, Lincoln. NE, USA) was used. The Pearl
Trilogy is equipped for sensitive imaging of 700- and 800- nanometer
near-infrared fluorophores. Mice were euthanized prior to imaging.
Laparotomy was then performed to expose the liver for imaging.

Results

Liver ischemia induced by ligation of the Glissonean pedicle.
Three days after left-Glissonean-pedicle ligation in the liver
of the nude mice, laparotomy was performed to observe the
liver. White areas in the left lobe of the liver indicated necrosis
due to ischemia, (Figure 2A). Figure 2B shows the resected
whole-liver specimen with the left Glissonean-pedicle ligated,
indicated by the yellow arrow.

ICG specifically labels the right lobe of the liver and not the
metastasis-bearing left lobe due to Glissonean-pedicle
ligation. Images were then acquired under anesthesia with
the Pearl Trilogy Small Animal Imaging System five minutes
after ICG administration via the tail vein. All mice (n=4)
showed an 800 nm signal from ICG on the right lobe of the
liver. The left lobe of the liver, which contained the coloncancer liver metastasis, showed no fluorescence (Figure 3A).
Figure 3B shows cranial inversion of the liver, which also
demonstrated distinct demarcation of the liver segment with
preserved blood flow.
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Figure 1. Experimental schema. (A) Isolation and ligation of the left
Glissonean pedicle. (B) ICG (10 μg) was injected via the tail vein,
resulting in labeling of the area with preserved blood flow in the liver.

Discussion

This is the first study describing specific hepatic-segment labeling
using ICG in a mouse model of colon-cancer liver metastases. In
the present study, we demonstrated that fluorescence labeling
using ICG clearly visualized the liver segment in which the tumor
is not located. Necrosis was observed in the ligated segments of
the liver, indicating successful ligation of the Glissonean pedicle.
A left lobectomy for tumor resection on the basis of the
fluorescence boundary will be performed in future experiments.
The major importance of left lobectomy is for metastasectomy,
which will be more accurate due to specific ICG labelling, as
described in the present study.
In clinical practice, there are two main means of
administering ICG: positive and negative staining-methods
(7). In the present study, we selected the negative-staining
method for hepatic segmentation with ICG. We used
Glissonean-pedicle ligation for the negative-staining method.
Primary and metastatic hepatic tumors can be intraoperatively detected by ICG fluorescence imaging after preoperative ICG injection (11). Recently, a small colon-cancer
liver metastasis was identified using ICG fluorescence in an
orthotopic nude-mouse model (12). However, ICG is not tumor
specific (13). The potential disadvantage is non-specific
labelling of adjacent tissue, which can be reduced following the
technique of the present study. Differentiation between the
tumor and liver segments using ICG in combination with other
fluorescent agents, such as tumor-specific antibodies, may
improve differentiation of tumor from the surrounding liver
segment and will be tested in future studies. The major
advantage of ICG accumulation in hepatic tumors such as liver
metastasis and hepatocellular carcinoma is to secure surgical
margins of the liver tumors (14).
Hepatic-segment labeling using ICG in mouse models is
a promising method since this method can also similarly
visualize liver segments in the clinical setting. In conclusion,
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Figure 2. Liver ischemia caused by ligation of the Glissonean pedicle. (A) Three days after left-Glissonean-pedicle ligation, necrosis occurred due to
ischemia (white arrow). (B) Entire liver after removal. Left Glissonean pedicle ligation is depicted by the yellow arrow. Necrosis is indicated by the
white arrow.

Figure 3. Fluorescence image of the ICG-labeled tumor segment. (A) Five minutes after indocyanine green injection (10 μg) via the tail vein, the 800nm signal was observed on the right lobe of the liver due to blockage of blood flow into the left lobe of the liver due to Glissonean pedicle-ligation.
Liver metastasis is indicated by the arrow. (B) Cranial inversion of the liver in the same mouse as Figure 3A. Arrow: liver-metastatic tumor.

the visualization of an hepatic segment using ICG
fluorescence in orthotopic mouse models after Glissoneanpedicle ligation has potential for more accurate demarcation
of tumor margins in the liver.
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