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Abstract

Introduction
: Surgery for cerebellar hemangioblastoma can be challenging because of the tumor’s location in the posterior fossa
and its inherent nature of hypervascularity.

Methods
We reviewed a total of seven consecutive patients who received microsurgery adjunction with indocyanine green (ICG)
videoangiography.

Results
Our study included four female and three male patients. All tumors were located in the cerebellum. We used ICG
videoangiography for the purposes of identifying a small tumor inside the cyst in one case, for de�ning feeding arteries
and draining veins in three cases, for con�rming residual tumor in the resection cavity in two cases, and for assessment
of tumor shunt �ow in one case of extremely hypervascular hemangioblastoma. Median blood loss during surgery was
100 mL, and total resection was achieved in all cases with no complications. No adverse effects of ICG
videoangiography were observed.

Conclusions
ICG videoangiography is a very useful adjunctive tool for cerebellar hemangioblastoma surgery.

Introduction
Hemangioblastoma (HGB) of the central nervous system are known as hypervascular benign tumors [1]. HGB frequently
accompany tumor cysts around the solid nodule[1, 2] (Ref: acta). For cystic tumors, the cystic cavity can be opened
during tumor resection. However, identifying small nodules in the cystic cavity can be challenging [2, 3]. Solid HGB show
characteristics of arteriovenous malformation, internal decompression, or piecemeal resection, and harbor the risk of
potentially devastating intraoperative bleeding or swelling [4, 5]. Indocyanine green (ICG) is widely used for visualizing
the �ow in vessels in cerebrovascular surgery [6]. Some surgeons also use ICG for brain tumor surgery [5, 7]. In this
study, we report the application of ICG angiography during cerebellar HGB surgery.

Materials And Methods

Patient enrollment
The study protocol and review of medical records were approved by the institutional review board of Asan Medical
Center, University of Ulsan College of Medicine, Seoul, Korea. Between January 2020 and July 2021, seven patients with
a diagnosis of cerebellar HGB were treated with microsurgical resection in our institution. All microsurgeries were
performed by two neurosurgeons (JB, CKH), and ICG videoangiography was used as an adjunctive tool integrated into
the surgical microscope.
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Microscope And Indocyanine Green Angiography
We used an OPMI Pentero and Kinevo surgical microscope (Carl Zeiss, Co., Oberkochen, Germany) integrated with ICG
videoangiography. In each procedure, ICG (8e12.5 mg) was injected into the internal jugular vein as a bolus by the
anesthesiologist. Arterial, capillary, and venous angiographic images could be observed on the video screen in real time.
Surgical videos were recorded and reviewed immediately for analysis.

Results
Our study included four female and three male patients. All HGB tumors were located in the cerebellum. Midline
suboccipital craniotomy and lateral suboccipital craniotomy were performed for tumor resection. All tumors were
resected totally. Estimated blood loss was minimal and the blood loss in �ve of seven patients was less than 100 mL
There were no postoperative complications. Detailed characteristics of the enrolled patients are presented in Table 1.

Table 1
Details of the enrolled patients

Case
No.

Sex/Age Location Tumor
type

Surgical
approach

Purposes of ICG
videoangiography

Extent of
resection

Blood
loss
during
surgery

Immediate
postoperative

complication

1 F/54 Cerebellum Solid
+
cystic

Midline
SOC

Identifying small
tumor

GTR < 100
mL

None

2 F/75 Cerebellum Solid
+
cystic

Lateral
SOC

De�ning feeding
arteries and
draining veins

GTR < 100
mL

None

3 M/50 Cerebellum Solid Lateral
SOC

Con�rming
residual tumor

GTR 100–
200
mL

None

4 M/48 Cerebellum Solid
+
cystic

Lateral
SOC

- Identifying small
nodules

- De�ning feeding
arteries and
draining veins

GTR < 100
mL

None

5 F/80 Cerebellum Solid Lateral
SOC

Con�rming
residual tumor

GTR < 100
mL

None

6 F/59 Cerebellum Solid
+
cystic

Midline
SOC

Determining
tumor location

GTR < 100
mL

None

7 M/18 Cerebellum Solid Midline
SOC

- De�ning feeding
arteries and
draining veins

- Assessing
arteriovenous
shunt �ow

GTR 500
mL

None

ICG, indocyanine green; GTR, gross total resection; SOC, suboccipital craniotomy

Illustrated cases
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Case 1

A 54-year-old female patient visited the clinic because of dysmetria. Magnetic resonance imaging (MRI) showed a cystic
mass with a mural nodule in the left cerebellum. Microsurgical resection was performed via midline suboccipital
craniotomy. After opening the cyst wall, the mural nodule was explored. ICG angiography was performed to identify the
small nodule. It was totally resected (Figure 1-A).

Case 2

A 59-year-old female patient visited the clinic because of an incidental �nding of a cerebellar tumor after minor head
trauma. MRI showed solid hypervascularity in the right cerebellum. Microsurgical resection was performed via midline
suboccipital craniotomy. The tumor was located subcortically, thus ICG angiography was performed to localize the
tumor. The brightly stained tumor was localized and totally resected without complication (Figure 1-B).

Case 3

An 18-year-old male patient visited the clinic because of pulsatile tinnitus. A large arteriovenous malformation
resembling a tumor was found in a brain MRI. Large tumor-draining veins to the tentorial sinus were found. During
tumor resection, tumor shunt �ow was assessed using ICG angiography to prevent devastating bleeding in case the vein
was inadvertently injured during resection. The tumor was totally resected without immediate complication. However,
delayed hemorrhage occurred on postoperative day #14 (Figure 2-A).

Case 4

A 49-year-old male patient visited the clinic because of headache. A solid tumor with a cyst was located in the right
cerebellum. Because of his religious background as a Jehovah’s witness, he denied blood transfusion during surgery.
ICG angiography was performed to identify feeding arteries and veins to minimize blood loss. The tumor was totally
resected without complication. Blood loss during surgery was less than 100 mL (Figure 2-B). 

Discussion
Understanding the hemodynamics and angioarchitecture is essential in HGB surgery. HGB are characterized by tumor
hypervascularity. Thus, surgical resection harbors the risk of signi�cant blood loss and surgical complications [1, 8, 9].
Conventional angiography, computed tomography angiography, or magnetic resonance angiography are usually
performed to evaluate the angioarchitecture of HGB [2]. However, real-time vascular imaging is more helpful during
tumor resection. Doppler ultrasonography (US) has been used for distinguishing arteries and veins of tumors. Doppler
US has also the advantage of being non-invasive and straightforward to apply for evaluating vessels. However, Doppler
US is less reliable for small arteries and low-�ow tumor vessels and it cannot visualize tumors, vessels, and the direction
of blood �ow. Since recently, ICG angiography is widely used in cerebrovascular surgery [6], and it may also have
potential for brain tumor surgery. The results of ICG angiography are easy to interpret to determine the angioarchitecture
of HGB tumors. In addition, ICG infusion is a safe procedure and can be performed repeatedly. Kim et al. reported
various applications of ICG angiography for brain tumor surgery [7] and shared their experience using ICG angiography
for various types of brain tumors. HGB tumors show bright staining in ICG angiography [5, 7]. Moreover, ICG
angiography can reveal the feeding arteries, draining veins, and the direction of �ow. Thus, ICG angiography is a more
useful adjunctive tool than Doppler US in HGB resection.

The morphology of HGB is heterogeneous and HGB are frequently accompanied by tumor cysts, making tumor
resection potentially challenging. Identifying small mural nodules in the large cyst is di�cult via gross microscopic
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inspection but is easy via the ICG microscopy mode. In addition, using bright tumor staining by ICG may be used to
con�rm the total resection of HGB tumors.

Assessing feeding arteries and draining veins is important in HGB surgery because coagulation of feeding arteries
reduces bleeding during surgery. Minimizing blood loss can reduce the need for blood transfusion, helps with rapid
recovery of patients, and overall reduces the cost of hospitalization. In addition, because ICG �uorescence can penetrate
the dura mater, ICG is useful to assess cortical vessels and trans-dural feeders before dura opening [7].

Large solid HGB tumors can mimic arteriovenous malformation, showing numerous feeding arteries and large draining
veins [9, 10]. These large tumors can harbor tumor-related arteriovenous shunts. Premature occlusion of shunts without
adequate feeding arteries causes devastating bleeding which can put the entire surgical procedure at risk. ICG
angiography is useful for assessing shunt �ow and direction of blood �ow, and can help identifying the residual feeders
after subcortical dissection of the tumor.

In our experience, ICG angiography is very useful during HGB surgery. The purposes of ICG angiography are listed below.

<The purposes of ICG angiography>

Identifying small tumors inside of tumor cysts

Identifying tumors that are located in subcortical areas

De�ning feeding arteries and draining veins

Con�rming extent of resection, residual tumor tissue

Assessing tumor-related arteriovenous shunt �ow

The limitation of ICG angiography is that it is available only for vessels visible in the operative �eld. It cannot visualize
vessels and tumors which are covered with brain parenchyma. Weak staining of tumor tissue just beneath the cortex
and dura mater could be seen but deeper-seated tumors could not be visualized. Although the incidence is extremely
low, anaphylactic reactions such as itching sensation, skin eruption, arrhythmia, and hypotension have been reported
after ICG administration [11]. These side effects should be discussed preoperatively.

Conclusion
ICG videoangiography is a very useful adjunctive tool for cerebellar HGB surgery. ICG angiography has the potential to
be applied for various purposes during HGB resection. Furthermore, ICG angiography is relatively safe and may be an
alternative to intraoperative catheter angiography or Doppler US.
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Figures

Figure 1

Application of indocyanine green angiography during hemangioblastoma surgery (A-1,2,3) Radiologic and
intraoperative �ndings of Case 1 as described in the Results section. (A-1) A small enhancing nodule was noted in the
superior aspect inside of the tumor cyst in the right cerebellum. (A-2) Intraoperative photography. Slightly pinkish tissue
was identi�ed inside of the cyst. (A-3) Indocyanine green (ICG) videoangiography: ICG �uorescence uptake of the tumor
was high. The tumor is shown as a bright vascular mass. It was resected totally. (B-1,2,3) Radiologic and intraoperative
�ndings of Case 2 as described in the Results section. (B-1) Well-enhanced solid tumor in the right cerebellar
hemisphere on brain magnetic resonance imaging. (B-2) Intraoperative photography. The exact location of the
subcortical tumor was hard to localize via gross inspection. (B-3) ICG videoangiography: The tumor was well visualized
under ICG �uorescence microscopy mode because it was located just beneath the cerebellar cortex. In addition, feeding
arteries of the tumor are shown. These should be coagulated �rst.
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Figure 2

Application of indocyanine green angiography during hemangioblastoma surgery (A-1,2,3) Radiologic and
intraoperative �ndings of Case 3 as described in the Results section. (A-1) A large extremely hypervascular mass in the
left cerebellar hemisphere and vermis. (A-2) Intraoperative photography. The solid tumor with an arterialized tumor-
draining vein that drained to the tentorial sinus. Shunt �ow was evaluated using indocyanine green (ICG) angiography.
The draining vein was ligated after coagulation of major feeders to prevent devastating bleeding from the drainage
system. (A-3) High shunt �ow was detected by ICG angiography and was helpful for determining the resection strategy
during resection. (B-1,2,3) Radiologic and intraoperative �ndings of Case 4 as described in the Results section. (B-1) A
solid tumor with a large cyst was noted in the right cerebellum. The patient denied blood transfusion because he was a
Jehovah’s witness. (B-2) The tumor was identi�ed at the tentorial surface of the cerebellum. To minimize bleeding
during surgery, identi�cation of all feeding arteries and draining veins was necessary. (B-3) ICG angiography helped to
identify feeding arteries and veins. Blood loss during the whole procedure was less than 100 mL.
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