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Introduction: Sodium Fluorescein has become a validated and widely used fluorescent dye in neuro-oncological
surgery, thanks to its ability to accumulate in cerebral with a damaged blood–brain barrier. It concentrates at
the tumor site, enhancing the lesion, and helps in the discrimination between tumor and normal brain
parenchyma.
Research question: This dye has a very well described profile of safeness, as a result of several applications in
ophthalmology and, in recent years, also in neurosurgery. To date, no reviews are available on collateral effects of
sodium fluorescein application in neurosurgery.
Material and methods: The case of a young woman who underwent a potentially toxic dose (almost 3 g) of sodium
fluroescein administration during anesthesia induction for a glioma surgery due to a medical error is presented,
along with a review of available articles relates to collateral effects of sodium fluorescein in neurosurgery.
Results: No toxic clinical phenomena occurred, and the microsurgical procedure was completed, achieving tumor
gross total resection. Procedure resulted challenging due to an intense basal hyper-fluorescence, making difficult
the visualization of brain tissues and the discrimination between normal brain and tumor.
Discussion and conclusions: The good clinical and laboratory outcome of this patient further strengthens the idea
that fluorescein-guided removal of brain tumors may be considered safe, beyond effective. By now, this is the first
report of an erroneous so high dose administration of sodium fluorescein during a neurosurgical procedure and
the first review of neurosurgical-reported collateral effects.
1. Introduction

High-grade gliomas (HGGs) still represent the vast majority of ma-
lignant brain tumors, with a risible prognosis despite current standard
treatments (Stupp et al., 2005). Nowadays, there is strong evidence
supporting the extent of resection as a significant predictor of better
survival in these patients (McGirt et al., 2009; Sanai and Berger, 2011).
The use of fluorescence-guided tumor removal techniques has recently
gained great interest, given the possibility to enhance tumor tissue during
surgical operation. Among different fluorescent dyes, the use of the so-
dium salt of fluorescein (SF) has been explored, especially for HGGs
surgery, thanks to its capacity to concentrate in areas of damaged
blood-brain barrier (BBB) (Diaz et al., 2015).

The side effects of SF, since its first applications in general surgery and
ophthalmology, have been extensively studied with few reports of severe
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complications and a generally safe profile (Kwiterovich et al., 1991;
Marcus et al., 1984). This is particularly true in ophthalmology, where SF
is being used nowadays as a valuable dye for retinal vessels study,
resulting in its worldwide acceptance and uncountable consecutive ap-
plications in ophthalmic surgery (Yannuzzi et al., 1986; Kashani et al.,
2017; Mendis et al., 2010). Looking at oncological and vascular neuro-
surgical applications, several authors claimed the totally safe profile of
this dye and this constitutes, besides the proved ability to increase Gross
Total Resection (GTR), one of the reason that largely contributed to its
wide diffusion in neurosurgery in recent years (Diaz et al., 2015; Acerbi
et al., 2018; Schebesch et al., 2016).

Here we present a case where a very high-dose of SF was erroneously
administered during a glioma removal without severe adverse reactions
(ARs) for the patient. Just few reports of SF collateral effects in neuro-
surgery have been described in literature and, to our knowledge, this is
the first report of a so-high erroneous over-dosage of such dye in
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Abbreviations

5-ALA 5-Aminolevulinic Acid
AR Adverse Reaction
BBB Blood-Brain Barrier
CT Computed Tomography
GTR Gross Total Resection
HGG High-grade Glioma
ICU Neuro-Intensive Care Unit
MRI Magnetic Resonance Imaging
SF Sodium Fluorescein
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neurosurgical practice.

2. Case presentation

A 34-year-old woman affected by generalized seizures started during
pregnancy was diagnosed with a left posterior frontal glial lesion. After
the induction of child-birth, a stereotactic frameless biopsy revealed an
isocitrate dehydrogenase 1 positive and O6-methylguanine-DNA-
methyltransferase promoter-mutated diffuse astrocytoma and the pa-
tient was therefore treated according to Stupp Protocol in another hos-
pital. For disease progression, after few years the patient underwent a
second-line treatment with Fotemustine, then followed by a third-line
treatment with Temozolomide. At this time, the patient came to our
Fig. 1. Preoperative, intraoperative and postoperative images of the patient. A-
sagittal T1 after contrast administration (C) MRI images of a left posterior frontal/p
diffuse brain edema. D. Intraoperative view during HGG removal with (very high d
rounding brain parenchyma (to note the high fluorescence intensity of dura, blue ar
brain tissue. This aspect is clearly visible if the image in D is compared to a (norma
where tumor tissue is clearly different in fluorescence intensity if compared to normal
in E). F. Postoperative CT scan disclosing the removal of the brain lesion, in absence o
the early postoperative period due to instrument breakdown. A postoperative MRI wa
the images of the study. (For interpretation of the references to color in this figure

2

attention, complaining mild expressive aphasia with a reduction in se-
mantic and phonemic fluency, mild dysarthria, right hemiparesis and
ataxic gait. A surgical excision of the lesion was then recommended and
planned to be performed in microscopic view (Pentero900 – Carl Zeiss
Meditec® Oberkochen, Germany) guided by SF technique with the aid of
intraoperative motor evoked potentials monitoring, Magnetic Resonance
(MR) and Computed Tomography (CT)-based neuro-navigation (Brain-
Lab AG®Munich, Germany). Soon after patient intubation, a SF dose ten-
times-bigger than recommended was erroneously injected to the patient
due to an anesthesiologist mistake during the preparation of the drug
(almost 30 mg/kg), resulting anyway in a GTR of the tumor (Fig. 1).
Despite this event, no immediate or delayed clinical consequences
occurred for the patient: no seizures, no relevant changes in lab exams, no
clinical effects. The patient was then monitored in Neuro-Intensive Care
Unit (ICU) till the following day, without complications, and then dis-
charged after one week to rehabilitation clinic.

3. Discussion

Fluorescent agents are now widely used in neurosurgery. Among
them, SF recently gained great interest in the neurosurgical community
for oncological and neurovascular applications. In particular, its ability to
accumulate in cerebral areas where a damage to the BBB has occurred
allows the dye to become concentrated at tumor sites, making tumor
tissue more clearly visible, particularly if a dedicated filter on the surgical
microscope is available (Diaz et al., 2015; Acerbi et al., 2018). One of the
main reason for the wide spread of SF is, besides its proved ability to
increase GTR rates and a very affordable low cost (around 5 euros per
C. Preoperative axial T1 after contrast administration (A), coronal FLAIR (B) and
ara-trigonal HGG. As it can be seen, the ring-enhancing lesion is surrounded by
osage) SF-guided technique. The high basal fluorescence of the lesion and sur-
row) partially affected the clear discrimination between pathologic and healthy
l dose) SF-guided technique removal of another HGG in a different patient (E),
brain parenchyma and dura mater fluorescence appears less intense (blue arrow
f hemorrhagic complications. Unfortunately, we did not produce MRI images in
s taken in the rehabilitation clinic but, unfortunately, we were not able to obtain
legend, the reader is referred to the Web version of this article.)
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vial), a well described safety profile, as confirmed by several years of
application in general surgery and especially in ophthalmology (Yan-
nuzzi et al., 1986; Acerbi et al., 2018; Kwan et al., 2006; Spaide et al.,
2015).

Looking at the safety profile, most of reports of allergic reactions due
to SF are related to angiographies for vitreo-retinal pathologies. These
sporadic patients are generally reported to present mild allergic re-
actions, like nausea and vomiting, sneezing and pruritus, rather than
severe, life-threatening ones, like laryngeal edema, seizures or circula-
tory shock. In 1984 a large study by Yannuzzi and colleagues deeply
examined complications of fluorescein angiography through a survey
among 2434 ophthalmologists, analyzing more than 220,000 exams. In
this work, a total of 87% physicians reported a less-than 5% frequency of
mild ARs, while only 2% described a frequency greater than 10%; only
one death case directly related to SF injection was reported (Yannuzzi
et al., 1986). In 2006, physicians at the Lion Eye Institute in Australia
retrospectively reviewed 11898 fluorescein angiograms performed at
their institute with only 132 ARs recorded, with no serious ones or deaths
(Kwan et al., 2006). Also in another major work by Bele~na et al. a 1,28%
of ARs to fluorescein angiography out of 14455 exams was noticed, with
just one case of bronchospasm as severe ARs and with nausea as the most
common clinical presentation (Bele~na et al., 2013). Severe adverse
events remained very rare also in other large scale international studies
(Katayama et al., 1990).

To our knowledge, just 2 cases of severe ARs by SF administration in
neurosurgery are reported in the English literature (Tanahashi et al.,
2006; Dilek et al., 2011). Table 1 summarizes the peculiarities of such
cases. In the first one, a 74-year-old woman experimented severe hypo-
tension with elevated serum Tryptase levels, as occurs in anaphylaxis or
anaphylactoid reactions, around 20 min after a 20 mg/kg SF injection
during a HGG resection (Tanahashi et al., 2006). The second case pre-
sented a 54-year-old man that suffered an anaphylactic reaction with
severe hypotension, bradycardia, bilateral arms flushing and elevated
serum levels of immunoglobulin E, right after a high-dose SF adminis-
tration (20mg/Kg) (Dilek et al., 2011). In both cases patients had to be
admitted to ICU, fully recovering after the administration of adrenalin,
prednisolone, and atropine; both groups described the early and transient
yellow discoloration of the skin and the urine due to quick renal excre-
tion of the fluorescent dye.

Such reactions to SF may be due to multiple reasons but the exact
pathogenic and immune mechanism is still unknown. Some possible
mechanisms have been proposed such as vaso-vagal reactions, drug-
related immediate hypersensitivity responses, vasospasm responses to
the dye, histamine release of a non-allergic nature, anxiety-related
sympathetic responses and contaminants in the drug (Yannuzzi et al.,
1986). Some Authors also proposed that other comorbidities of patients,
such as cardiovascular diseases, hypertension and diabetes mellitus, may
facilitate these adverse events, considering such side effects not real re-
actions to the dye itself (Musa et al., 2006). Both the neurosurgical pa-
tients above described suffered from hypertension, strengthening the
idea that such ARs may be facilitated by other medical conditions that
ultimately favor the side effect manifestation.

The fact that in neurosurgical literature we couldn't find structured
reports of side effects other than isolated severe ARs reports may be due
to unidentified cases but also to unreported events. Nevertheless, almost
every study where SF was used in neurosurgery, either for oncological or
neurovascular cases, has always underlined the totally safe profile of this
dye, even for high doses. Looking at this aspect, it must be kept in mind
that in recent years the development of specific filters for surgical mi-
croscopes (Pentero with YELLOW560) allowed a reduction in SF doses
necessary to enhance tumor tissue during oncological surgeries from 10
to 15 mg/Kg to less than 5mg/Kg (usually 3mg/Kg) (Acerbi et al., 2014,
2018). To the best of our knowledge, no serious ARs have been described
in previous series published in literature on the use of SF in neurosurgery,
even with doses of 20 mg/kg (Dallapiazza et al., 2014).

For the case described above, we used a Pentero Microscope with a
3
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YELLOW560 filter hardware, and our protocol consisted in adminis-
trating a dose of 3 mg/Kg of SF at the moment of patient intubation,
therefore approximately 1 h before dural opening, following indication
previously proposed by our group (Acerbi et al., 2015, 2018). We are
strongly convinced of the appropriateness of this particular timing, given
that, if serious adverse events such as anaphylactic reactions occur, they
often become visible in few minutes after the administration of the dye,
allowing anesthesiologists to manage them, before craniotomy. In the
case here described, the patient received almost 3 g of SF few minutes
after intubation, not manifesting any intraoperative or postoperative
clinical or laboratory exam abnormalities, except from a very bright and
fluorescent skin and yellow fluorescent urines, that persisted for
approximately 24 hours after surgery. To note, we registered serious
difficulties in visualization of brain tissues, and in discriminating be-
tween normal brain and tumor, due to intense basal hyper-fluorescence,
visible also without activation of the specific microscope filter. Eventu-
ally, this operative mistake fortunately did not preclude the achievement
of a GTR.

Far from us to put this single case-description among large ophthal-
mology case-series advocating SF safeness; the present report has the
objective to describe a singular situation, to our knowledge never
described before in neurosurgical literature, where almost 3 g of SF were
given to a patient, not affecting the clinical status, presenting also a brief
review on the topic.

4. Conclusions

SF is becoming a validated and widely used fluorescent dye in
neurosurgery, with a very well described profile of safeness. A case of an
erroneous very high-dose administration of this dye during a glioma
removal surgery is here presented and the total absence of peri-operative
abnormalities in clinical and serum analytical conditions of the patient
further strengthens the idea that SF administration is a safe procedure
and that may be considered routinely in oncological and neurovascular
surgeries.
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