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Patient: Male, 15
Final Diagnosis: Lymphatic malformations
Symptoms: Abdominal pain
Medication: -
Clinical Procedure: Navigation surgery
Specialty: Surgery

Objective: Unusual or unexpected effect of treatment

Background: We used indocyanine green (ICG) fluorescence imaging to completely resect lymphatic malformations (LMs).
This is the first report of navigation surgery utilizing ICG fluorescence imaging for resection of LMs.

Case Report: A 15-year-old boy was diagnosed with LMs in the abdominal wall. The extent of the tumor was determined
by an ultrasound, and ICG (Diagnogreen®, Daiichi-Sankyo Pharma, Tokyo, Japan) was injected subcutaneously
and intradermally into the core and 2 marginal regions of the tumor (3 injections in total), respectively. During
surgery, the extent of the tumor was confirmed with a photodynamic eye, and the tumor was completely re-
sected. A fluorescent portion macroscopically estimated as normal was additionally resected and no residual
fluorescence or tumor were confirmed in the remaining tissue. Abnormal lymphatic vessels were histopatho-
logically observed in the additionally resected tissue, indicating the invasion of LMs. The surgery had a good
outcome with no evidence of recurrence.

Conclusions: We performed near-infrared fluorescence-guided imaging surgery for the resection of LMs in the abdominal
wall. This is a single case study; therefore, assessment of more cases is warranted for further validation. This
procedure could provide significant benefit to patients requiring resection of LMs.

MeSH Keywords: Indocyanine Green ¢ Lymphangioma ¢ Optical Imaging ¢ Spectroscopy, Near-Infrared

Full-text PDF: http://www.amjcaserep.com/abstract/index/idArt/903465

Baos Bh—- My; BR 4

This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Background

Lymphatic malformations (LMs) are benign refractory tumors
characterized by proliferation of lymphatic vessels. Macrocystic
LMs are effectively treated by sclerosing agents such as OK-
432; however, the treatment of microcystic LMs is challenging.
Surgical resection has been the criterion standard of treatment
for microcystic LMs, but total resection is difficult in cases of
diffused, nonencapsulated masses. Residual LMs can cause
complications, such as lymphatic fluid retention and leakage,
infection, and frequent recurrence [1].

Indocyanine green (ICG) fluorescence lymphography has re-
cently been introduced to visualize lymph flow using a near-
infrared camera. LMs have dilated lymphatic channels and do
not have connections to the normal lymphatic system. They
exhibit congested lymph flow; therefore, congestion of ICG
within LMs after injection into the skin above the tumor was
expected. We report the novel use of ICG fluorescence imag-
ing for intraoperative identification of precise surgical mar-
gins of LMs. This is the first report of navigation surgery utiliz-
ing ICG fluorescence imaging for successful resection of LMs.

Case Report

The patient was a 15-year-old boy who was diagnosed with
LMs in the abdominal wall at the age of 2 and had undergone
sclerotherapy with OK-432 three times. The cystic lesion had
disappeared, but a cavernous lesion 20x30x45 mm in size re-
mained. Bleeding from bruises frequently occurred; there-
fore, surgical resection was planned. Preoperative magnetic
resonance imaging (MRI) failed to clearly determine the ex-
tent of the tumor (Figure 1). Before the surgery, off-label use
of ICG was approved by our Institutional Review Board, and
informed consent was obtained from the patient and his par-
ents. The extent of the tumor was re-examined by ultrasound,
and 0.05 mL (0.125 mg) ICG (Diagnogreen®, Daiichi-Sankyo
Pharma, Tokyo, Japan) was injected subcutaneously and in-
tradermally into the core and 2 marginal regions of the tumor
(a total of 3 injections). About 20 h after the injection, fluo-
rescence images of LMs were obtained with a photodynamic
eye (PDE; Hamamatsu Photonics, Shizuoka, Japan), which ac-
tivates ICG with light emitted at a wavelength of 760 nm and
filters out light at wavelengths below 830 nm. The fluorescence
signal provided a real-time image of the LMs. Although the
border was not clearly visualized because of ICG spillage, the
extent of the tumor was confirmed with the PDE during sur-
gery, and the tumor was completely resected (Figure 2). A flu-
orescent portion estimated to be normal macroscopically was
additionally removed, and no residual fluorescence or tumor
were confirmed in the remaining tissue. Abnormal lymphatic
vessels were histopathologically observed in the additionally

Shirota C. et al.:
Preliminary experience of navigation surgery for resection of lymphatic malformations
© Am J Case Rep, 2017; 18: 529-531

Figure 2. The tumor was resected by confirming the extent of
the tumor with PDE during surgery.

Additional
removed portion

Figure 3. The additionally resected portion showing ICG
fluorescence.

resected subcutaneous tissue, indicating the invasion of LMs.
These endothelial cells lining the vessel structures were immu-
nohistochemically reactive with D2-40 and CD31 and nonre-
active with CD34. A slide of the additionally resected portion
showed fluorescence signal (Figure 3). The patient has been
followed up with echography every 4 weeks after surgery. The
surgery had a good outcome with no lymphatic fluid retention
and no evidence of recurrence.
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Discussion

LMs are rare, nonmalignant, and proliferative changes of lymph
vessels [2]. LMs invade the surrounding tissues and have ob-
scure borders; therefore, recurrence from residual tissue is a
problem. The tumor borders are macroscopically and micro-
scopically vague because LMs are nonencapsulated. Since LMs
are benign tumors, large resection of LMs should be avoided
because of cosmetic disadvantages, such as resection wounds
and depressed scars; therefore, surgeons struggle to find the
appropriate balance between thorough and minimal resection.

Near-infrared fluorescence-guided imaging surgery with ICG
has been recently employed in various types of surgeries [3-6].
ICG is a very safe compound that has been widely used in a
variety of clinical situations, such as examination of hepat-
ic and cardiac functions and retinal angiography. ICG primar-
ily binds to albumin, which drains into the lymphatic vessels.
This property of ICG, as well as of methylene blue, has been
used in lymphatic imaging for evaluating lymphedema and
mapping sentinel nodes in various types of cancers by fluo-
rescence navigation [7-9]. ICG fluorescence imaging is a safe
and minimally invasive technique.

To our knowledge, the use of ICG fluorescence imaging in the
treatment of LMs has not yet been reported. Based on lymph
flow congestion in LMs, we expected congestion of ICG within
LMs after injecting ICG into the skin above the tumor (subcuta-
neously and intradermally). The ICG dosage was determined on
the basis of previous reports [10-12]. Subcutaneous injection
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of ICG directly above the tumor has been previously performed
for mapping sentinel lymph nodes. Based on this assumption,
we expected absorption of ICG after subcutaneous injection
directly above the LMs [8,13]. The best injection site remains
to be determined; however, since LMs have dilated lymphat-
ic channels and no connections to the normal lymphatic sys-
tem, once ICG is absorbed into the abnormal tissue in LMs,
it will be retained and completed in every detail of LMs. One
study revealed that photodynamic hyperthermal therapy us-
ing ICG and near-infrared light source induces apoptosis [14].
In the next stage of this application, we will introduce a pho-
todynamic therapy using ICG for LMs.

Conclusions

We performed near-infrared fluorescence-guided imaging sur-
gery for the resection of LMs in the abdominal wall following
subcutaneous and intradermal injections of ICG into the skin
directly above the tumor. To our knowledge, this is the first
report of navigation surgery utilizing ICG fluorescence imag-
ing for the resection of LMs. This, however, is a single case
study, and assessment of more cases is warranted for further
validation. This procedure could provide significant benefit to
patients requiring resection of LMs.
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