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Abstract
Purpose

Indocyanine green (ICG) has been used in endoscopic surgery in the neurosurgical �eld, but it has been
challenging to determine the associated e�ciency due to limitations with visualization in the previous
endoscopic system. A new endoscopic system was recently introduced; therefore, we summarize our
experiences with the application and integration of the system.

Methods

From March to May 2021, a newly introduced endoscopic system was used in 6 patients. (3 pituitary
adenomas, 1 pituitary apoplexy, 2 tuberculum sellae meningiomas) and 12.5 mg of ICG was injected for
each study.

Results

Three pituitary adenomas, including one acromegaly, were well identi�ed with ICG. However, one pituitary
apoplexy and two meningiomas were not visualized with ICG. Meanwhile, ICG appeared to be effective
for determining the viability of nasoseptal mucosa.

Conclusion

ICG provides real-time information during endoscopic endonasal surgery. We suggest that the pituitary
adenoma can be stained with an ICG using the fusion-�uorescence imaging endoscopic system. This
approach will enhance the surgeon’s ability to achieve gross total resection.

Introduction
Indocyanine green (ICG) angiography has become a well-established technology in several surgical �elds,
starting from ophthalmology and it has extended to abdominal surgery.[1-5] In the neurosurgical surgery
�eld, microscopic ICG angiography was �rst adopted in vascular surgery by Rabbe, in 2003.[6] Currently,
ICG angiography is widely used and it provides real-time information about the patency of vessels and
surrounding small perforators during an aneurysm surgery.[7, 8] The approach also provides a reliable
intraoperative assessment of bypass patency, during anastomosis surgery.[9, 10]

ICG was initially used in endoscopic surgery in the neurosurgical �eld, but it was di�cult to achieve
su�cient e�ciency due to visualization limitations in the previous endoscopic system. However, a new
endoscopic system was introduced and implemented at our hospital and we would like to share initial
experiences with applying the new approach.

Material And Methods
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The operations performed with the new endoscopic system were organized retrospectively. The study
protocol was reviewed and approved by the Institutional Review Board (IRB), and adhered to the
recommendations of the Declaration of Helsinki for biomedical research involving human subjects
(1975). The informed consent was waived by the IRB.

From March to May 2021, cases of endoscopic endonasal surgery using ICG were collected
retrospectively. Six consecutive cases were enrolled in the study. Four cases were pituitary adenoma. The
other two cases were tuberculum sellae meningiomas.

Surgical techniques

The surgical procedure was similar with previously reported techniques.[11-13] The patient’s head was
held in place with May-�eld 3-pointed pin �xation, and neuronavigational system was used. Surgery was
performed with binostril endoscopic transsphenoidal approach in all patients. During the surgery for
pituitary adenoma, the surgeon �rst performed piecemeal resection of the tumor mass to relieve the
compressed normal gland. All lesions suspected to be tumors showing uptake by ICG were removed. The
pseudocapsule was left in place to avoid potential iatrogenic injury to the gland. After removal of the
tumor, minimal cauterization using bipolar cautery was performed over the normal gland. The surgery for
tuberculum sellae meningioma, nasoseptal �ap was prepared at the nasal stage. After the tumor was
removed, the arti�cial dura was laid down with a bilayer (inlay and onlay) button. It was placed
intradurally as an inlay graft and extradurally as an onlay graft. Finally, the harvested nasoseptal �ap
was rotated into position to reconstruct the skull base defect. Postoperative lumbar drainage was
performed for 5 days.

Florescence imaging system

Fusion ICG �uorescence images were obtained using the Stryker 1688 AIM endoscopic system, a
complementary metal-oxide semiconductor camera head, and a near-infrared laser diode for ICG
excitation at a wavelength of 805nm. This system provides monochromatic �uorescence images under
near-infrared light illumination, color images under white-light illumination, and fusion images made up
of pseudo-color (green) �uorescence images and white-light color images (fusion ICG- �uorescence
images). All these images were displayed in the monitor simultaneously.[14] A standard dose of 12.5 mg
of ICG in 10 ml of aqueous solution within 1 min of peripheral bolus injection. The timing of injection of
ICG is different for each case. It is described in the result session separately.

Results
Tumor ICG uptake

Endoscopic tumor removal was performed in three patients with pituitary adenomas including two
nonfunctioning pituitary adenomas, and one growth-hormone releasing pituitary adenoma. Tumor
staining was con�rmed in all three cases. Meanwhile, ICG uptake was not observed in two patients with
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tuberculum sellae meningioma and one pituitary apoplexy. Three cases that showed ICG uptake are
described in detail, below (Table 1).

Case 1

A 49-year-old female patient visited the out-patient department, presenting with refractory headache that
had persisted for 5 months. On MRI, the 15mm-sized tumor had suprasellar extension behind the normal
gland. The patient did not exhibit visual symptoms or hormone dysfunction, but due to the refractory
headache, she indicated that she wanted to receive treatment and agreed to undergo surgery. A standard
endoscopic endonasal trans-sphenoidal approach was determined to be optimal for the patient. At the
start of the surgery, 12.5 mg of ICG was injected. The sellar �oor was reached 30 minutes after the
injection and the tumor was identi�ed after the dura was opened. The boundary between the normal
gland and the tumor was identi�ed with a neuro-navigation system, and the margin was clearly con�rmed
on the ICG scope image. The pathologist’s report indicated pituitary adenoma for the frozen biopsy
specimens, with high ICG uptake. The tumor was su�ciently removed, and all residual tumors with ICG
uptake were also removed. A gross total resection was con�rmed in the post-operative image, and the
patient was discharged without any complications.

Case 2

A 78-year-old female patient visited the out-patient department with bitemporal hemianopsia. MRI
indicated that the 25mm-sized tumor was compressed and the optic chiasm was displaced. To determine
the tumor's ICG uptake time, 12.5mg of ICG was injected before opening the dura. Afterwards, the ICG
uptake of the tumor was con�rmed based on the elapsed time. The nasal septum and mucosa of the
turbinate all showed uptake within 30 seconds, but the tumor was visualized with ICG after 20 minutes.
Thirty minutes after the ICG injection, the tumor showed a high overall uptake. The tumor was removed
piecemeal using a ring curette. All residual tumors that showed ICG uptake were removed. A gross total
resection was con�rmed in the post-operative image, and the patient was discharged without any
complications.

Case 3

A 28-year-old male patient visit the out-patient department, presenting with visual disturbance, and bi-
temporal hemianopsia. The patient had acromegalic features, with an enlarged face, protruding lower
jaw, and a larger nose. Basal hormone assay indicated that the patient had acromegaly (GH: 51.23ng/ml,
IGF-1: 691.0ng/ml) and a 25mm pituitary adenoma with a suprasellar extension was diagnosed by MRI.
A standard endoscopic endonasal trans-sphenoidal approach was determined as the best treatment
approach. At the start of the surgery, 12.5 mg of ICG was injected. The tumor was exposed 40 minutes
after ICG was injected. The tumor showed ICG uptake that was less than the previous nonfunctioning
pituitary adenoma. The tumor was removed with a ring curette. A gross total resection was con�rmed in
the post-operative image.



Page 5/15

One of the cases in this study, a patient with pituitary apoplexy, visited the emergency department with
complaints of a sudden bursting headache. The MRI showed a hemorrhagic cyst at the sellar region. ICG
was injected as indicated by the aforementioned protocol. The ICG took 30 minutes to reach the tumor,
but there was no uptake of ICG in the tumor tissue. Two cases with tuberculum sellae meningiomas also
presented with visual disturbance. For both cases, the ICG was injected, as indicated above and required
50 and 60 minutes respectively, to reach the tumor, but there was no uptake of ICG in the tumor tissue.

Nasoseptal �ap preparation

We used ICG to assess nasoseptal mucosa conditions. The exact pathway of the vessel could not be
con�rmed through ICG, but the mucosal condition could be predicted with ICG staining. Healthy mucosa
showed good ICG uptake through the entire mucosa, for example, the patient in Case 3 (Figure 4A). The
ICG was also checked to con�rm the viability of nasoseptal mucosa in a patient with tuberculum sellae
meningioma. The patient had a previous history of septoplasty and the septal mucosa was not
problematic based on the white light view, but the viability of mucosa was poor based on an ICG window,
in which the mucosa showed less uptake of ICG than healthy mucosa. Therefore, reconstruction was
performed by making �aps with the mucosa of the �oor instead, which showed better uptake of ICG than
septal mucosa (Figure 4B).

Discussion
The newly introduced endoscopic system can is a helpful approach for endonasal endoscopic surgery,
because it allows good visualization of the pituitary adenoma, and viability con�rmation of the mucosa.

The emission and the absorption spectra of ICG make it useful in endoscopic surgery. The peak emission
and absorption of ICG is in a range of 800-850nm. ICG has already been used in many �elds and has
been applied in various approaches. In the �eld of neurosurgery, it was used to check re-�lling after
aneurysm clipping, or to check vessel patency after anastomosis surgery. It has also been used to identify
feeding arteries and draining veins in hyper-vascular lesions such as arteriovenous malformations or
hemangioblastomas.[15, 16] The effect was su�ciently proven in vascular surgery, but there have been
concerns about using ICG in tumor staining. In glioma surgery, the use of 5-aminolevulinic acid increased
the gross total resection rate and improved survival.[17] However, in pituitary surgery, the effectiveness of
5-aminolevulinic acid was very limited.[18-20] Previously, there have been many efforts to stain the
pituitary adenoma using ICG.[21-23] However, in previous endoscopic systems, the ICG was detected
using xenon as a light source. ICG has an excitation range from 800-850nm, however, the effective
detection range of �ltered xenon is 845-870nm. Therefore, xenon had low excitation for ICG and only a
very dark and blurry images were obtained which limited the applications for ICG in surgery. Recently,
Chang et al.[24] published a review article on the use of optical �uorescence agents during pituitary
adenoma surgeries and indicated that ICG and folate receptors could be used clinically to differentiate
pituitary adenomas from normal tissue, which aligns with the results of our study. Some papers have
reported that tumor staining with ICG is possible.[21, 25] However, other papers reported that tumor
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staining with ICG was di�cult and the clinical effects could only be obtained by uptake of other
structures around the tumor.[22, 23, 26-28] Lee et al. introduced the second-window ICG method as a new
ICG approach to overcome these limitations.[29] They used a folate analog conjugated to a near-infrared
�uorescent dye (OTL38). Patients were infused with OTL38 2-4 hours prior to surgery. They reported that
this approach was highly speci�c for nonfunctioning adenomas did not have utility in functioning
adenomas.[30] Lee et al. assessed a study group and used ICG for various intracranial tumors, which
showed impressive results.[31] However, this method was problematic due the timing for injecting a high
dose of ICG which should be injected 24 hours before operation. Although ICG is a relatively safe drug
with few side effects, using high doses is bound to be a burden for patients and clinicians. The
endoscopic system in the present study used low-dose ICG, which is very convenient and can be used just
before or during the surgery. Previously, this fusion-�uorescence imaging system that used ICG was
applied in laparoscopic surgery. In these studies, tumors, such as hepatomas, were well visualized.[14, 32,
33] For cases of meningioma, reports have indicated that the uptake is can be con�rmed using the
second window ICG method mentioned above, which is in agreement with our study results and
observations.[30] However, other papers have not yet reported on uptake for meningioma.[16, 22, 34] With
the study design, it was not possible to con�rm whether the uptake was due to the tumor characteristics
or the endoscopic system or the difference in the ICG injection protocol. In this study, GH-releasing
pituitary adenoma showed weaker ICG uptake compared to other nonfunctioning pituitary adenomas. It is
hypothesized that this occurs due to the difference in angiogenesis between tumor types as angiogenesis
is essential for tumor growth. In contrast to other tumors, pituitary adenomas are less vascular than the
normal pituitary gland. There is also a difference in angiogenesis between functioning pituitary
adenomas and non-functioning pituitary adenomas.[35]

Pituitary adenomas exhibit relatively high long-term recurrence rates and delayed intervention is often
required. The overall risk of recurrence after pituitary tumor surgery is reported to be between 7-33% at 5-
10 years.[36-40] O’Sullivan et al.[41] reported a recurrence rate of 0% in the gross total resection group. In
comparison, based on the presence of intrasellar and extrasellar remnants, the recurrence rates after 5
years were reported as 15.4% and 51.4%, respectively. Therefore, if tumor staining becomes clearer using
ICG, it is expected that the recurrence rate can be reduced.

A nasoseptal �ap is a surgical technique that is applied in skull base reconstruction following anterior
skull base tumor removal. Knowledge of the anatomical variations of the sphenopalatine artery and the
surrounding structures is crucial when preparing nasoseptal �aps. Because of its speci�c septal branch
blood supply, the nasoseptal �ap provides reliable revascularization and robust coverage for skull base
reconstruction.[42] It is di�cult to �nd the exact run of the artery when preparing nasoseptal �aps.
However, it would be very helpful if the approximate run of the artery could be estimated. As in this study,
it is expected that ICG can be applied to overcome the limitations of what can be visualized in white light
and applied as an improved tool for more complete surgery.

Limitations
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This study is a preliminary result and the number of cases is very small. Therefore, it will be necessary to
build a proper usage protocol with more experience and additional studies and observations.

Conclusion
ICG provides real-time information during endoscopic endonasal surgery. We suggest that the pituitary
adenoma can be stained with ICG using the fusion-�uorescence imaging endoscopic system. This
approach will enhance the surgeon’s ability to achieve gross total resection and improve patient
outcomes.
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Tables
Table 1 Case summaries.

  Sex/age Pathology Size Endoscopic EOR ICG uptake

Case 1 F/49 NFPA 15mm GTR +++

Case 2 F/78 NFPA 25mm GTR +++

Case 3 M/28 GH secreting PA 25mm GTR ++

Case 4 M/44 Pituitary apoplexy 23mm GTR -

Case 5 F/60 Meningioma 9mm GTR -

Case 6 F/46 Meningioma 22mm STR -

F: female, M: male, NFPA: non-functioning pituitary adenoma, GH: growth hormone, EOR: extent of
resection, ICG: indocyanine green, GTR: gross total resection, NTR: subtotal resection.

Figures
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Figure 1

Case 1: Non-functioning pituitary adenoma. A) Pre-operative MRI, B) post-operative MRI, C) tumor
visualization without ICG and with ICG, D) tumor resection with ring curette, E) residual tumor with ICG
uptake. ◀ indicates the border of the tumor and normal areas based on the neuro-navigation system. *
indicates the residual tumor.
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Figure 2

Case 2: Non-functioning pituitary adenoma. A) Pre-operative MRI, B) post-operative MRI, with time lapse,
C) 10 minutes after ICG injection, D) after 20 minutes, E) after 30 minutes.
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Figure 3

Case 3: Growth hormone secreting pituitary adenoma. A) Pre-operative MRI, B) post-operative MRI, tumor
visualization with ICG C) before, and D) after opening the dura.
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Figure 4

Nasoseptal �ap. A) Healthy septal mucosa, under white light window (left), and under ICG window (right)
B) unhealthy septal mucosa, previously underwent septoplasty, low uptake of septal mucosa (left), and
high uptake of �oor mucosa

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Video1.mp4

https://assets.researchsquare.com/files/rs-564174/v1/fa4d5241b7be791719e49638.mp4

