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Introduction

Introduction Brainstem gliomas (BsG) account for 10 to 15% of pediatric brain
tumors. Surgery is the preferred treatment for focal and exophytic lesions. Sodium
fluorescein has been proven safe and effective in resection of malignant brain tumors.
Objective The objective was to o analyze the safety and effectiveness of this
approach, to evaluate intraoperative fluorescein imaging, and to measure the safety
of chosen dose for pediatric patients.

Methods Twelve cases were enrolled between March 2014 and September 2016 in
Beijing Tiantan Hospital. All of the patients received 2.5 mg/kg of sodium fluorescein
before opening the dura; the intraoperative fluorescence enhancement was observed,
and the degree of satisfaction and consistency with the neuronavigation were
evaluated.

Results With a mean age of 7.5 years, there were eight cases located within the
pontine, three in the medullary oblongata, and one in the tectal plate. Histological
results were astrocytoma, glioblastoma, oligodendroglioma, and pilocytic astrocy-
toma. Under the fluorescein module of the microscope, the tumors were recognizable
enough to help surgeons to discriminate the lesion from non-fluorescent tissue, with a
consistency of 83% with the neuronavigation. Total removal was accomplished in nine
cases, while the mean percentage of resection of the other cases was 93.7%. The
Karnofsky performance score (KPS) showed no significant differences between pre-
operation and discharge, but there was a difference between pre-operation and 6-
month follow-up.

Conclusion The fluorescein-guided surgery is useful for demarcating the tumor
margin and works well with other navigation and monitoring devices. A safe dose of
sodium fluorescein (2.5 mg/kg) was proven effective for children.

others are relatively benign and focal. The classification of
BsG is mainly based on magnetic resonance imaging (MRI)

Brainstem gliomas (BsG) are a heterogeneous group of
tumors that account for 10 to 15% of pediatric brain tumors.’
Most of these neoplasms are biologically malignant tumors
that extensively infiltrate the surrounding tissue, while
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appearances. In general, they can be grouped into diffuse or
focal tumors, which include dorsal exophytic, cervicomedul-
lary, and tectal subtypes.

While radiation is considered as the primary or even the
only therapy for diffuse intrinsic brainstem gliomas (DIPG),
the therapeutic goal of focal BsG is safe and total surgical
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removal.? In most cases, a well-defined interface between the
tumor and neural tissue indicates a gross total resection
(GTR) or subtotal resection (STR) resulting in a favorable
prognosis.> However, the deep location and complicated
anatomical structures of the brainstem areas make the
surgical maneuverability in those areas really challenging,
even with experienced neurosurgeons or with the wide-
spread application of surgical adjuvant techniques, such as
neuronavigation system, electrophysiological monitoring, or
even intraoperative MRL

Fluorescence-guided surgery utilizing sodium fluorescein
has been proven to be a safe and effective adjunct for the
removal of malignant brain tumors.*~” The primary advantage
of fluorescence-guided surgery is to facilitate the resection by
demarcating the tumor margin from the normal brain tissue in
real time, with relatively easy preparation and low cost.8?

In this retrospective study, we report the first experiences
using sodium fluorescein in pediatric patients with BsG. The
major goal of the study is to analyze the safety and effec-
tiveness of this approach. We also evaluate intraoperative
fluorescein imaging and measure the safety of the chosen
dose for pediatric patients.

Methods

Patient Selection

Twelve children with BsG treated between March 2014 and
September 2016 in the Department of Neurosurgery of Beijing
Tiantan Hospital were enrolled in this study. Inclusion criteria
were as follows: (1) age < 18 years, (2) newly diagnosed or
suspicious, untreated BsG, and (3) the lesion identified as a
focal exophytic tumor and enhanced remarkably on MRI.
Exclusion criteria included the followings: (1) histological
diagnosis other than glioma, (2) previously treated, recurrent
tumors, (3) diffuse intrinsic or unresectable BsG, (4) no or mild

Table 1 Clinical characteristics of the patients
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enhancement on MRI after contrast, and (5) a Karnofsky
performance score (KPS) < 70, and (6) medical conditions
that prevent the surgery or use of sodium fluorescein, such
as coagulopathy, renal, and hepatic dysfunction. There were
eight males and four females with ages ranging from 2 to
18 years. Information about the patients and tumors has been
summarized in ~Table 1.

Clinical and Radiological Assessment

All patients’ medical histories were recorded, including
laboratory tests. The KPS was used to evaluate general
physical performances. Pre- and post-contrast MRI was
submitted no earlier than 5 days before the surgery and no
later than 3 days after the surgery. Diffusion tensor image
(DTI) was prepared for the use of neuronavigation during the
operations. Surgical approaches were confirmed by the same
chief operator (Z.L.). The KPS was evaluated at admission,
discharge, and 6-month follow-up. Percentage of resection
was calculated by comparing of the measured volume of the
residual tumor on the post-operation MRI with the volume
measurement on the pre-operation MRI. All complications
and adverse effects of sodium fluorescein were thoroughly
documented.

Operative Protocol

After anesthesia, 0.05 mL of 10% sodium fluorescein was used
to perform a sensitivity test. The intraoperative use of
sodium fluorescein was allowed if the test proved negative.
A predefined dose of 2.5 mg/kg was injected intravenously
through the central line before opening the dura. Microsur-
gery was performed under the PENTERO 900 (Carl Zeiss,
Oberkochen, Germany) equipped with a YELLOW 560 nm
filter which allowed for switching the illumination between
fluorescence and white light. A neuronavigation system
(iPlan Cranial 3.0, Brainlab, Munich, Germany) was routinely

Patient | Sex | Age | Location | Approaches Histology Percentage complication KPS at
no- of resection Admission | Discharge | Follow-
up

1 M 5 R pons Subtemporal | GBM 95% 70 70 80

2 F 7 R pons Subtemporal GBM 100% Hypoproteinemia [ 90 90 90

3 M 10 L pons Subtemporal | GBM 100% 70 80 80

4 M 18 RL Posterior Astrocytoma 100% Tracheotomy 80 70 80
medulla median

5 M 2 R Far lateral Astrocytoma 88% Pulmonary 90 70 80
medulla infection

6 M 4 L pons Retrosigmoid | GBM 100% 80 80 90

7 M 4 L tectal Poppen Astrocytoma 98% 80 80 80

8 M 5 L pons Retrosigmoid | Astrocytoma 100% 100 100 100

9 M 7 R pons Retrosigmoid | Oligodendroglioma | 100% Dystaxia 90 80 80

10 F 8 L pons Retrosigmoid | Pilocytic 100% 90 90 90

astrocytoma

11 F 12 R Posterior Astrocytoma 100% Dystaxia 100 90 100
medulla median

12 F 9 R pons Subtemporal Oligodendroglioma | 100% 80 80 90

Abbreviations: GBM, glioblastoma multiforme; KPS, Karnofsky performance score; L, left; R, right.
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used for surgical planning, tumor localization, and orienta-
tion. Electrophysiological monitoring is mandatory due to
the sensitive nature of the brain area and the high possibility
of displaced or involved motor and sensor tracts. The surgical
procedures were performed by the same neurosurgeon (Z.L.)
who also judged the effectiveness of sodium fluorescein as
“helpful” or “unhelpful.” Helpful was defined as the tumor
being enhanced and visualized by sodium fluorescein with a
demarcated margin from normal tissue, while unhelpful was
considered as mild enhancement, vague visualization or
blurred tumor-brain interface. The tumor was removed
with standard microsurgical techniques. At the end stage
of resection, the consistency between the fluorescein guide
and the neuronavigation guide was carefully compared. After
the operations, all patients were followed up in the neuro-
logical intensive care unit (NICU) after surgery and were
transferred to the regular ward as soon as their condition
became stable.

Results

Clinical, Radiological, and Histopathological
Characteristics

Among the patients, eight (67%) were male, and four (33%)
were female. The mean age was 7.6 years old. The common
clinical presentation was hemiparesis, headache, eye move-
ment dysfunction, and cranial nerve deficit. All lesions were
enhanced on the pre-operative MRI. There were eight cases
(67%) located within the pontine, three (25%) in the medul-
lary oblongata, and one (8%) in the tectal plate. Histological
analysis found the most common type was low grade (WHO
II) astrocytoma (five cases, 42%); others were glioblastoma
multiforme (GBM) (WHO 1V, four cases, 33%), oligodendro-
glioma (WHO II, two cases, 17%), and pilocytic astrocytoma
(WHO I, one case, 8%).

Intraoperative Fluorescence Enhancement

During surgery, the fluorescence was not visible under the
white light of the microscope until switching to the fluor-
escein module. All tumors were enhanced vividly by sodium
fluorescein and stained yellowish green, while normal tissue
remained in its natural color and unstained. It was conve-
nient to switch the illumination between white light and
fluorescence with one button on the grip. Sodium fluorescein
was able to make the tumors recognizable enough to help the
surgeons to discriminate the lesion from non-fluorescent
tissue. Tumors were resected as much as possible unless the
electrophysiological monitoring showed abnormalities, in
which case the resection had to be stopped. Nevertheless,
the operator considered the efficacy of fluorescein-guided
operation as 100% helpful. At the end of surgery, the corre-
spondence between the fluorescein guidance and neurona-
vigation was compared by placing the probe at the border of
surgical cavity in each case. The consistency was 83% (10/12).

Percentage of Resection and Outcome
No adverse or allergic reactions were observed related to the

use of sodium fluorescein both during and after the opera-
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tions. For nine cases, total removal of the tumor was accom-
plished, while others had a mean percentage of resection of
93.7% (from 88 to 98%). The main complications were tra-
cheotomy, pulmonary infection, hypoproteinemia, and dys-
taxia, and with subsequent therapy and rehabilitation, there
were no permanent systemic or neurological deficits at the
6-months follow-up. There were no significant differences
between the KPS of pre-operation and discharge (p = 0.166),
while the KPS of pre-operation and 6-months follow-up
showed statistically significant differences (p = 0.031).

lllustrative Case

A 5-year-old boy presented with fall attack for 2 weeks and
developed headache for 2 days before seeing a doctor. On
physical examination, significant hemiparesis of left limbs
was noted. An MRI showed a heterogeneous lesion located
within the pontine (=Fig. 1). The tumor enhanced vividly and
heterogeneously. DTI revealed most of the tracts were dis-
placed posteriorly and contralaterally, with a little posteriorly
and ipsilaterally by the tumor (~Fig. 2). The pre-operative
surgical plan was made, and a safe entry zone was chosen
according to the DTI imaging. He underwent a subtemporal
craniotomy under general anesthesia (~Fig. 3a). As his weight
was 23 kg, 57.5 mg (2.5 mg/kg) of sodium fluorescein had been
injected intravenously before the dura was opened. Under the
microscope with the fluorescence module, the tumor became
greenish, and the normal brain remained its natural color
(=~Fig. 3b). The tumor was resected in the white light of the
microscope with the assistance of neuronavigation and elec-
trophysiological monitoring. After the resection, the fluores-
cence module was switched on again to check the surgery field,
showing a very small amount of residual tumor, which could

Fig. 1 Preoperative MRI of patient 1 (right pons). Tumor (yellow
arrow) was isointensity in non-contrast T1 image (a) and
gadolinium-enhanced in post-contrast T1 images (b-d) with central
necrosis, which suggested a high-grade glioma. MRI, magnetic
resonance imaging.
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Fig.2 Neuronavigation strategy. By merging the images of MRI and DTI, the tumor (yellow cross) was shown in the right pons with the brainstem
tract displaced posteriorly and contralaterally, with a little posteriorly and ipsilaterally. A subtemporal approach (red arrow, indicated the
direction of the approach) was therefore chosen to avoid most of the tract. DTI, diffusion tensor image; MRI, magnetic resonance imaging.

Fig.3 Surgical approach and intraoperative fluorescence enhancement of patient 1. Craniotomy is taken by subtemporal approach (a) with the
electrophysiological monitoring (yellow arrow). The sodium fluorescein is injected before opening the dura. (b) Under the microscope with
fluorescence module, the tumor was greenish red arrow), and the trigeminal nerve (white arrow) and normal brain (blue arrow) remained in their
natural color. After the resection, the surgical field was compared between white light (c) and fluorescence module (d), which showed no

greenish display obviously.

not be safety removed because of its adherence to vital nuclei
(=Fig. 3c and d). Postoperative MRI showed a subtotal removal
of the tumor, which was a glioblastoma confirmed by patho-
logical examination (~Fig. 4). The patient was discharged at
10 days postoperatively without any new neurological deficits.
At the follow-up 6 months later, the patients had received
radiotherapy and chemotherapy. The patient died 1 year after
the operation because of tumor recurrence, which had led to
coma and hypoxemia.

Discussion

Pediatric brainstem glioma accounts for 10 to 20% of central
nervous system tumors in children and 58 to 80% of all
brainstem tumors."%'? It could occur at any location within
the brainstem and can be classified into diffuse and focal types

based on MRI features. The treatment modality includes
surgery, radiation therapy, and chemotherapy. It is almost
not possible to safely remove a diffuse tumor in the brainstem
due to the long tracts and nuclei involved. Thus, surgery is
reserved for focal, exophytic tumors, which are more amenable
to resection.!’ Despite the application of intraoperative adju-
vant techniques, such as neuronavigation, neurophysiological
monitoring, and the popularization of intraoperative ultra-
sound, the surgical procedure is still associated with high
morbidity and mortality. The application of fluorescence-
guided surgery has shown significant benefit in surgery for
high-grade gliomas,*” cerebral metastases,®’ primary central
nervous system lymphomas,'? and even benign lesions, such as
meningiomas and abscess.'>'* The goal of surgery is to reduce
the tumor as much as possible and to seek a balance point
between the GTR and postoperative neurological function.
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Fig. 4 (a and b) Postoperative MRI (3 days after operation) of patient 1. The tumor was extensive, but not completely removed (c, red arrow),
with the histological examination of glioblastoma (d) (WHO IV, GFAP +, Olig2 + , and K-67, 60%). GFAP, glial fibrillary acidic protein; MRI,
magnetic resonance imaging; WHO IV, World Health Organization grade IV.

Sodium fluorescein has been widely and safely used in
ophthalmology for retinal angiography.'”'® It can pass
through a damaged blood-brain barrier and accumulates
in tumor tissue, thus producing fluorescence that could be
detected by microscope with or without a filter, even with
the naked eye.!” Most studies have demonstrated that the
enhancement pattern of fluorescein was similar to the con-
trast enhancement on MRI.'820 The typical appearance of
fluorescein is to turn the tumor yellowish-green, while the
peripheral brain tissue remains in its natural color.

In 1982, Murray reported usage of sodium fluorescein for
resection of malignant brain tumors.?! The illumination sys-
tem was a conventional surgical headlight. He found that the
sensitivity and specificity of fluorescein guidance was 84.7 and
94.7%, respectively. With the popularization of the microscope,
Shinoda et al and Koc et al reported separate studies utilizing
sodium fluorescein as an adjunct in glioblastoma surgery.'”-??
The authors found that the use of this substances was “simple
and safe” in facilitating the surgery, and they achieved a higher
resection rate. In 2013, Acerbi et al published a report of
fluorescein-guided surgery for grade IV gliomas under a
specific microscope equipped with a filter (YELLOW 560
nm).>> They concluded that the advancement in the micro-
scope could help better visualize the tumor while reducing the
dose. Recently, the First National European Pharmacologic
Agency has approved sodium fluorescein for neurosurgical
use reflecting its safety and efficacy.

The dose of sodium fluorescein used in older series was
primarily 20 mg/kg to visualize the tumor under white
light.””17-*2 With advances in surgical microscopes and the
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dedicated filter (YELLOW 560 nm), a relatively low dose could
be used, which in most series was less than 10 mg/kg. Some
authors, even reported the dose of 2 to 4 mg/kg.*** There was
no significant difference in the ability to enhance the tumor.
Until now, we have not found any guidance on using sodium
fluorescein in pediatric patients of brainstem tumors. In our
experience, we have used a 5 mg/kg in adults with no apparent
adverse effect or poor visualization. As a consequence, we used
half dose (2.5 mg/kg) in children and found that it could be well
tolerated. Given it was the first use of sodium fluorescein in
pediatric patients, we carefully observed and documented any
side effects that were reported in the literature. Someone
reported a severe anaphylactic shock brought on by 20 mg/kg
of sodium fluorescein, which might be due to the high dose
used.?® Several authors suggested that the rate of allergy was
very low while using a low dose of sodium fluorescein, ranging
from 2~5 mg/kg.’ In our series, we did not observe any
apparent adverse effects associated with sodium fluorescein,
although greenish urine was noted. No permanent or serious
side effects occurred.

After the administration of sodium fluorescein, the
tumors were visualized under the fluorescein module 20
to 30 minutes later. Therefore, we usually had finished the
administration procedures before the dura was opened. In
our 12 cases, no tumor failed to be visualized. It has been
noted that the enhancing pattern of fluorescein is similar to
contrast enhancement due to the mechanism of penetrating
the disrupted blood-brain barrier.'®?? According to our
inclusion criteria, every tumor was enhanced on pre-opera-
tive MRI. Thus, it is certain that all tumors were stained and
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illuminated under the microscope. However, several reports
have demonstrated that in rare cases the tumor is not
enhanced as expected indicating a potential pattern different
from the MRI contrast, which may require further experi-
mental study.?®%’

At the end of resection, we investigated the consistency
between the fluorescein guide and neuronavigation guide. In
most cases, we found strong correspondence between the
fluorescein-demonstrated border and the contrast-enhan-
cing tumor margin on intraoperative navigation,?®° except
for two cases in which the navigation system lost its relia-
bility and accuracy due to brain shifting or other reasons.

In all cases, the fluorescence provided a clear-cut margin
that could be distinguished between the tumor and brain
tissue. We did not find partial enhancement or no enhance-
ment after administration of sodium fluorescein as some
authors have reported.“'5 It may be due to our limited patient
number which could create a false negative result.

Unlike supratentorial malignant tumors, for which the
extent of resection (EOR) has a predictive value in the
outcome,’%3! the goal for BsG should always be maximally
safe resection. In one case, the neurophysiological monitor-
ing showed that amplitudes were significantly reduced
during tumor resection, so the manipulation had to stop,
and the fluorescein-enhanced tumor remnants were left for
radiation.

The KPS at discharge was not higher than that at admis-
sion, but it seems that the performance status had improved
to the level of presentation at 6-month follow-up. The reason
may be the vulnerability of the brainstem and the compact-
ness of important nuclei, which may be temporarily
impaired shortly after the operation.

Conclusions

In this study, we investigated the benefit of using sodium
fluorescein in guiding brainstem surgery in pediatric
patients. We achieved promising results and proved that
fluorescein-guided surgery is useful in demarcating the
tumor margin and works well with other navigation and
monitoring devices. A safe dose of sodium fluorescein (2.5
mg/kg) is proven to be effective for children in our cohort.
Although the precision of fluorescein is satisfying, it should
be emphasized that each of the adjuvant techniques (fluor-
escein-guide surgery, neuronavigation, intraoperative ultra-
sound, and neurophysiological monitor) has advantages and
disadvantages and plays a complementary role when com-
bined. Only utilizing these together can achieve better sur-
gical outcomes.
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