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Introduction 

Malignant brain tumors occur each year in 6-7 cases every 100,000 

people in the US. The greatest survival benefit is observed in patients 

with complete resection of enhancing tumor. Removal of the final part 

of the neoplasm carries the greatest impact from an oncological point 

of view but also the greatest risk for neurological impairment. 

However, a complete tumor removal is not always feasible because of 

difficulties in recognizing tumor tissue at the tumor margin and 

infiltration of presumed motor eloquent area, based on pre-operative 

MR images with contrast. 

Advances in fluorescence imaging over the past half-century have 

revolutionized the field of biological research. Fluorophores have 

become an integral part of modern laboratory work, enabling the 

visualization of biomolecules and cellular processes1. Fluorescence-

guided surgery (FGS) relies on the accumulation of an administered 

fluorescent dye and visualization of the fluorescence signal during 

surgery 2.  

Sodium-fluorescein (Na-Fl), the sodium salt of fluorescein, has the 

capability to accumulate in a specific cerebral area as a result of a 

leakage from a blood-brain barrier disruption, as happens in high-

grade gliomas (HGG) and metastasis. Also, it accumulates in the 

peripheral area of the nervous system where a high and pathological 

vascularity is present.  

The Fluorescein is an organic fluorescent dye with a peak excitation at 

490 nm and emission between 500 and 550 nm. This dye in 

association with the use of optical filters centered on the peak’s 

wavelength of excitation and emission demarcates the tumor tissue 
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during surgery maximizing the extent of resection of the tumors, 

allowing a longer survival and improving patients’ prognosis3,4. 

The study highlights the benefit of combination of fluorescein and blue 

490 nm and yellow 560 nm filter in optimizing the fluorescein dose 

necessary, reducing side effects and in optimizing the oncological 

benefit, improving patients’ prognosis3. 

The aim of this work is evaluate the use of the Fluorescein in a 

comparative fashion between the different pathologies and quantify 

the intensity of Fluorescein in the microscopic view to detect a range 

in which we are sure to have pathological tissue. A threshold curve 

can reduce the probability of the unexpected residual tumor after 

surgery because of the absence of a clear residual intraoperative 

fluorescent tissue at the normal eye. 
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Principles of Fluorescence 

FGS is fundamentally based on the detection of light produced by a 

fluorescent molecule that accumulates within a lesion. This is a 

method to distinguish the tumor tissue from the normal tissue (Fig. 1). 

Fig.1 Tumor localization  
A. Absent fluorescein staining in the lesion under illumination by the white light, 
captured just prior to Yellow 560 excitation. B. distinctive yellow-green staining was 
visible under illumination with yellow 560 filter. 

A. 

B. 
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When any object is illuminated by white light, including wavelengths of 

visible spectrum (400-700nm), the object absorbs certain wavelengths 

of light and reflect others.  Upon illumination of the brain parenchyma 

by a white light, the exposed tissue may be perceived as yellow. That 

is why brain tissue has the property of absorbing violet-blue light and 

reflecting yellow light.   

Upon exposure to light, the absorbing molecule is excited from its 

ground state (S0) to an excited state (S1). The wavelengths of light 

absorbed correspond to the energy gap between S0 and S1. The 

chromophore may then return to the ground state by releasing the 

energy as heat. 

The process of fluorescence is similar. The light is absorbed and 

excites the fluorophore to S1 state. It decays to S0 by releasing a 

portion of the energy as light, detected as fluorescence 2. 

The stokes shift is the difference between the wavelengths of maximal 

light absorption and emission. Most fluorophores emit longer 

wavelengths light than they absorb. The fluorophore is excited from 

the S0 to the S1 state. It emits light as fluorescence and returns to S0, 

it arrives with a suboptimal geometry for S0 and undergoes relaxation 

to the optimal arrangement for S0 with concomitant release of energy 

as heat. The initially-absorbed energy is released in part by heat and 

in part by light with, leading to emission of lower energy and longer 

wavelength light. Fluorescein has a stoke shift of 26 nm5. 

Stokes shift allows for selective detection of emitted light without 

interference from reflected and scattered light from the excitation 

beam. Excitation and emission filters are selected for particular 

fluorophore to maximize its signal-noise ratio.  
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Fluorescence quantum yield (ɸ) is defined as the ratio of the number 

of photons emitted to the number of photons absorbed. 

Another factor is the molar extinction coefficient (ε), which describes 

how readily a molecule absorbs light of a determined wavelength.  

The product of ɸ and ε gives the brightness: the molecule's propensity 

both to absorb and to emit light (Fluorescein  ɸ=0,85)6  

Several extrinsic factors, classified as quenching, can decrease the 

fluorescence. Static quenching occurs when fluorophore forms 

aggregate7. 

  Self-quenching (homotransfer) is a type of Forster resonance energy 

transfer that occurs when the fluorophore is at high concentration in 

solution or locally and the energy of S1 is transferred to another 

fluorophore rather than emitted as fluorescence8. 

A related phenomenon is the inner filter effect, which starts at lower 

concentrations, where emitted light is absorbed by fluorophore directly 

in its path2. Fluorophores can also be coupled to quenchers via a 

linker that breaks when exposed to low pH9 or tumor specific 

enzymes10. Once the fluorophore and the quencher are separated the 

quenching effect is eliminated and fluorescence is restored. 

Quenching may affect the imaging in tumor tracer avid. 

Photobleaching is the degradation of the fluorophores upon irradiation 

with light. Excited fluorophores react with other molecules to generate 

non-fluorescent products11. The rate of photobleaching depends on 

the chemical reactivity of the dye and the intensity of excitation light. 

Photostability is related to the fluorescent quantum yield because non-

radiative pathways are often involved such as intersystem crossing.  

In practice, during surgery this phenomenon may be delayed by the 
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presence of surgical instruments, cotton pads or tissue but it may 

become a problem if the tumor is exposed to light too long2. 

Auto-fluorescence arises from the natural fluorescence of human 

tissue due to endogenous amino acids, enzyme co-factors and 

hemoglobin. This phenomenon is greatest at shorter wavelength 

(300-550nm) 12. 

Fluorescein 

Fluorescein is a well-tolerated yellow-green xanthine fluorophore first 

used in ophthalmic angiography, then for cerebrovascular procedures 

and to detect cerebrospinal fluid leaks13,14. Fluorescein is a passive 

dye and extravagates from the vasculature into tissue where the 

Blood Brain Barrier (BBB) is disrupted or when there is high 

vasculature permeability which may not be seen in all tumor types. 

Fluorescein accumulation is not restricted to the tumor tissue and may 

be found in areas of edema or surgical injury15. 

The main characteristic is its high brightness, which yields a valid 

signal even at lower concentrations. The Sodium fluorescein has 

demonstrated utility because its chemical structure provides a unique 

excitation and emission fluorescence spectrum. It is an organic 

molecule with the empirical formula C20H10Na2O5 16 (Fig.2). 

Chemical name: disodium 2-(3-oxo-6oxido-3H-xanthen-9-yl) 

benzoate. 

Molecular weight (MW): 376.3 
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Fig. 2 Chemical formulation of Sodium Fluorescein  
 

The Fluorescein acts as a nonspecific extracellular fluorophore. Its 

excitation peak occurs at 480 nm (range 465-490 nm) with emission 

peak at 525 nm (range 500-530nm) (Fig.3).  

Fig. 3 Excitation and emission wavelength peaks of sodium Fluorescein. 
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The Fluorescein passes the blood brain barrier (BBB) disrupted by the 

tumor. MW 376 Da; an intact BBB preclude the passage of molecules 

with a MW> 180 Da 17,18 

After injection Fluorescein binds to albumin in a reversible fashion 

(70-80%) during the first hour. About 15-17% is bound to erythrocytes. 

Fluorescein undergoes rapid metabol ism to f luorescein 

monoglucuronide in a period of 1 hour post-dose. Fluorescein 

monoglucuronide is about 1/3 to ¼ as fluorescent as fluorescein, 

depending on the wavelength of excitation of the blue light. 

Fluorescein and its metabolites are mainly eliminated via renal 

excretion. After intravenous administration, the urine remains slightly 

fluorescent for 24 to 36 hours.     

Mechanism of the Fluorescein 

The BBB consists of a confluent layer of highly specialized 

microvascular endothelial cells covering capillaries intertwined by 

astrocytic processes forming tight junctions (TJs) in the brain. Brain 

capillaries are shielded by mature pericytes sharing the basement 

membrane with the endothelium, which together with astrocytes 

secrete basement membrane matrix proteins. While BBB is fairly 

permeable to small molecules and lipid-soluble proteins, larger 

molecules require receptor-mediated transcytosis to enter the Central 

Nervous System (CNS)19. The endothelial cells comprising most CNS 

blood vessels lack fenestration and have diminished pinocytosis. They 

are connected by tight junctions which consist of occludin and 
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claudins, which link to the cytoskeleton through scaffolding proteins 

(Zonula occludens-ZO-1,ZO-2,ZO-3 and cingulin). Adherents 

junctions, including cadherin, link endothelial cells and connect to 

actina filaments through alpha, beta e gamma catenins. The matrix 

components of the basal lamina (laminins, proteoglycans, fibronectin, 

type IV collagen) play an important role in the regulation of BBB and 

contribute to the interaction between endothelial cells and astrocyte 

endfeet. Astrocyte endfeet form the glia limitans, which covers the 

entire surface of the brain and spinal cord and separates the 

perivascular space from the brain parenchyma. Molecules from 0.8 to 

70 kDa have been shown to penetrate the glia limitans to a varying 

degree; whereas molecules from 150 to 2000kDa are confined into 

the perivascular space. The 20nm gaps between astrocytes endfeet 

are likely to generate a crucial cutoff for diffusion of molecules into 

interstitial fluid. The glia limitans and basement membranes create a 

barrier between circulating components of immune system and CNS 

parenchyma; this is integral in the neuroimmune axis. The close 

proximity of astrocytes endfeet and endothelial cell has led to the fact 

that glia limitans can affect BBB permeability20.  

Within the meninges, blood vessels differ based on their anatomical 

location. Endothelial cells in the dura mater lack tight junctions and 

allow extravasation of molecules as large as 43 kDa. At the level of 

choroid plexus, the endothelium is fenestrated and lack tight junctions 

and glia limitans; however ependymal cells overlying these vessels 

have tight junctions and form a blood-cerebrospinalfluid barrier 

composed of transmembrane proteins. Similar to the choroid plexus, 

circumventricular endothelium and lack tight junctions and lamina 
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terminalis. Like choroid plexus, the circumventricular organs has 

highly specialized ependymal cells called Tanycytesand form a barrier. 

Tanycytes are connected with tight junctions that include ZO-1, 

occluding.claudin-5 and claudin-1, which limits diffusion of 

macromolecules 20,21. 

Because astrocytes maintain the anatomical and physiological 

function of BBB, disease affecting astrocytes can affect the BBB. 

Water transport across the BBB is mediated by aquaporin 4, 

expressed along astrocyte endfeet and controls flow of ions, 

macromolecules and fluids. The endothelial lining of the neurovascular 

unit also possesses a multitude of transport protein (p-glycoprotein, 

MRP transporters,…). They mediate efflux of xenobiotics from the 

endothelium or into the endothelium away from the intraparenchymal 

fluid  compartment. 

The presence of malignant tumors results in alteration and disruption 

of BBB.  Pathological vascular changes within the tumor can be 

attributed to the astrocytic diffuse upregulation and redistribution of 

aquaporin 4, decreased claudin and occluding expression within the 

TJs, basement membrane disruption and leaky neovascularization. 

These lead to an increase of permeability at the blood-tumor barrier 

facilitating influx of proteins and inflammatory mediators into the brain 

parenchyma 21. Vascular damage during brain injury or tumors is a 

type of sterile injury; it triggers a rapid inflammatory response with 

activation of cytokine, chemokine and recruitment of peripheral 

myelomonicytic cells 20. 
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Associated to vascular changes, hypoxia and ac idot ic 

microenvironmental conditions contribute in increasing blood tumor 

barrier permeability through induction of hypoxia inducible factor 1 

(HIF1). Induced production of vascular endothelial growth factor 

(VEGF) contributes directly to hypoxia via angiogenic tortuous and 

leaky vasculature with gaps in the basement membrane and 

endothelium. 

Tumor vessels of highly angiogenic lesion are both enlarged, thin-

walled, tortuous and hyperplastic vessels. These fast-growing vessels 

have premature endothelial cells with leaky BBB tight junction 

resulting in high permeability. This results in a vasogenic edema that 

causes further disruption of the tight junctions. Moreover this edema 

causes osmotic shrinkage of the brain capillary endothelial cells. All 

these facts lead to an increased BBB permeability and to an early 

extravasation of the Fluorescein into the tumor interstitial space 15,21,22.  

This mechanism is similar to the accumulation of Gadolinium used as 

a contrast agent in MRI. Thus we found a correlation with Gadolinium 

enhancement and the intensity of Fluorescein. In fact, in cases of 

homogenous and high hyperintensity after Gadolinium administration, 

the lesion has a high fluorescein intensity. We can postulate, at this 

moment only from an optical point of view, that the fluorescein 

intensity which we will find intraoperatively is proportional to the 

Gadolinium enhancement Intensity on Magnetic Resonance Imaging 

(MRI)23.   

In the work of Neira et al., during GBMs surgery and biopsy, there was 

found correlation between fluorescein intensity and contrast 
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enhancing regions, and non-contrast enhancing regions. They found 

intense fluorescein staining in both contrast and non-contrast 

enhancing regions as localized by preoperative MRI because of the 

differential permeability profiles of fluorescein and gadolinium23 . 

Folaron et al. described the kinetics of fluorescein; upon 

administration, Na-Fl binds to blood proteins, resulting in a mixture of 

bound/unbound Na-Fl to endogenous proteins. The 376 D unbound 

Na-Fl penetrates the normal brain tissue, readily crossing the BBB, 

while the bound dye (66kD) remains in the circulation. Fluorescein 

distribution is initially heterogeneous, with highest concentration near 

the ventricles, probably due to leakage from the CSF barrier, which is 

known to be more permeable than BBB; yet it decreases and 

becomes more uniform over time. The concentration of unbound/

bound Na-Fl in the blood depends on the injecting dose and elapsed 

time from injection. The fluorescein signal in normal brain tissue 

arising from unbound Na-Fl is time-dependent, peaking between 15 

and 30 minutes after injection and decreasing thereafter. So, during 

clinical use of fluorescein, the administration to resection intervals 

varied from immediate to hours; at longer intervals, the Na-Fl in the 

normal brain is well below the peak levels, therefore the signal present 

is the extravasation of the dye in damaged BBB. They also described 

the kinetics of Pegylated-fluorescein (size similar to Gadolinium), that 

did not dissociate in the blood and has a low uptake in the normal 

brain even at early time of injection. This formulation was suggestive 

in providing improved tumor delineation because of its accumulation in 

regions where the BBB was disrupted by tumors24. 
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In other studies, authors used Na-Fl conjugated to serum albumin and 

tested during surgery. Their reports indicate that the human serum 

albumin-NaFl molecules dissociate in blood circulation resulting in the 

presence of unbound Na-Fl in tumor samples25.  

The other mechanism of the Na-Fl is the overexpression of membrane 

transporter such as MRP1 (multi drug resistance associate proteins) 

on tumoral cells, of which Na-Fl is a substrate. This is an efflux anion 

transporter, that contributes to concentrate the Fluorescein in the 

tumoral cellular matrix26. 

For peripheral lesion, this dye accumulates in high vascularity lesion, 

such as schwannomas and inflammatory lesions, and also in 

neoplastic lesions with abnormal blood vessels. 

Peripheral nerves are structurally organized in 3 compartments: the 

outermost epineurium through which extrinsic blood vessels (vasa 

nervorum) penetrate to give rise to epineurial arteries and arterioles 

and receive blood from epineurial venules and veins, the inner 

perineurium, formed by epithelioid myofibroblast form fascicles and 

the innermost endoneurium, which consists of myelinated and 

undmyelinated axons. Ultrastructural examination has demonstrated 

that endoneurional microvessels and the innermost layers of 

perineurium form electron-dense intercellular tight junction; epineurial 

arteries, arterioles, venules and veins (known as macrovessels) are 

fenestrated. Endoneurial microvessels are in direct communication 

with circulating blood and are considered the Blood-Nerve Barrier 

(BNB), while the perineurium restricts passive diffusion of interstitial 
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fluid from the epineurium into the endoneurium and vice versa. The 

BNB serves to maintain the internal endoneurial microenvironment 

essential for physiological signal transduction by axons to and from 

the CNS 27,28.  As in the BBB the essential component is the TJs. TJs 

consist of a network of transmembrane and peripheral proteins 

(claudins, occludins, junctional adhesion molecules and zonula 

occludens) that are important for restricting the paracellular flow of 

ions and molecules into the endoneurial milieu. Secretion of bFGF by 

BNB-derived pericytes strengthens the barrier function by increasing 

the expression of claudin-5 29.  

One study, in 1980 by Malmgren and Olsson, showed that in rodents 

the diffusion characteristics of high doses of fluorescein in CNS and 

PNS were different: higher fluorescence level in the epineurium and 

perinerium lower level within nerve fascicles. They also noted that the 

degree of extravasation was different between different fascicles in the 

same nerve and in different nerves in the same animal. The 

accumulation within the endoneurium was the result of direct 

extravasation of Na-Fl from endoneural blood vessel. Small nerve 

branches (<100mu diameter) showed more extensive penetration of 

Na-Fl into the endoneurium than larger nerve branches. This might be 

due to a diffusion of Na-Fl along the extracellular space to the 

endoneurium from nerve terminals where the perineurial barrier is 

open-ended30.In other experimental work, Perez at alt. showed that 

merlin-deficient Schwann cells and in vestibular schwannoma cells 

internalize much higher levels of Na-Fl and enhance significantly 

brighter than other cell types. They also found in vitro experiments that 

fluorescence intensity was also dependent on concentration of Na-Fl, 
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duration of treatment, cell density and total time of blue light 

excitation31. The key point in Na-Fl accumulation is the disruption of 

the blood-nerve barrier (BNB). It defines the blood-tissue interaction 

within the peripheral nerve endoneurium to maintain ionic 

concentration essential for physiological action potential conduction28. 

Following nerve injury, nerve edema evolves in the distal segment 

caused by an increase in endonuerial fluid pressure accompanied by 

long-lasting disruption of the BNB. At the injury site, resident 

macrophages have been shown to alter the permeability of 

microvessels and breakdown of the BNB via expression of the 

cytokine vascular endothelial grow factor (VEGF). Increased 

permeability of BNB appears to involve TJ changes and influx of 

molecules into the peripheral nervous system. At the level of the injury 

reduction of expression of ZO-1 was found in endoneurial vessels 

leading to a breakdown of BNB29 as shown in previous studies in rat 

models32. Local nerve inflammation due to an externally induced 

nerve damage involves secretion of cytokines and chemokines by 

Schwann cells, which attracts leukocytes facilitating their 

extravasation at sites of injury. The BNB increased permeability 

induce microvascular abnormalities in the endoneurium (degradation 

of tight junctions, loss of perivascular pericytes, increased basement 

membrane thickness, endothelial cell hyperplasia) and a subsequent 

endoneurial hypoxia29.  Tumor growth alters tight junctions, through a 

vascular and inflammatory network and leads to fluorescein 

extravasation and accumulation into neoplastic lesions.  
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Material and Method 

21 patients (7 females, 14 males) underwent surgery in Varese with 

the use of Pentero 900 microscope with the yellow 560 nm dedicated 

filter (Karl Zeiss). 17 patients (9 females, 8 males) underwent surgery 

in Monza using the Spetzler lighted suction tube (Kogen Surgical) 

connected to the blue light (Karl Storz). Patients must preoperatively 

provide written informed consent. 

Patients’ inclusion criteria: 

a) both genders 

b) any age, adults and pediatrics 

c) Patients with lesion of the Central Nervous system or Peripheral 

Nervous system enhancing on MRI with contrast. 

Exclusion criteria: 

a) Impossibility to give consent due to cognitive deficits or language 

barrier. 

b) Known allergy to contrast agents and/or history of previous 

anaphylactic shocks. 

c) Known severe previous adverse reactions to Fluorescein 

d) Acute myocardial infarction or stroke in the last 90 days. 

e) Severe renal failure (specific glomerular filtration rate < 60, serum 

Creatinine >1,2  mg/dl for women; >1,4 mg/dl for men); 

f) Severe hepatic failure (high Aspartate transaminase/Alanine 

Transaminase ratio); 

20



g) Women in their first trimester of pregnancy or lactation. 

h) Patients who had contraindication for an MRI-scan 

Precaution for drug interaction: 

Angiotensin-converting enzyme inhibitors: increased risk of adverse 

reaction  

Beta blockers: patients on beta blockers are at increased risk of 

adverse reaction when administered fluorescein due to an 

interference of beta blockers at the level of the beta-receptor; beta 

blocking agents could reduce the vascular compensation reactions to 

anaphylactic shock and reduce the effectiveness of adrenaline in the 

presence of cardiovascular collapse. 

If fluorescein injection is deemed necessary monitor as appropriate 

during and after procedure. 

Neuroradiology: 

Patients undergo 2 main imaging: Pre-operative MRI with and without 

contrast, functional     MRI and trattography (DTI-diffusion tensor 

imaging) for lesions near eloquent area. 

Post-operative MRI with contrast within 72 hours or 2 months from 

surgery 

Dose and Timing for Fluorescein injection 

As confirmed by previous study, the time of injection is an important 

factor in allowing discrimination between tumor and healthy 

parenchyma. In the letter to the editor, Acerbi et al. have suggested 

using a low dose (5 mg/kg) of fluorescein, intravenous administrated 

at the end of intubation (i.e. 1 hour before dural opening). With this 
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timing of injection they always found good discrimination between 

fluorescent and non-fluorescent tissue33. The acute injection of NaFl is 

associated with an intense uptake even by normal tissue as described 

by Folaron, owing to the passage of the dye throughout small 

capillaries during normal brain perfusion24. This type of injection is 

indicated for vascular indication. 

Na-Fl was approved in Italy for neuroncology, but for peripheral lesion 

this dye is still off-label; thus informed consent covering application of 

Na-Fl during surgery was obtained from all patients. The study is in 

accordance with the ethical principles that are reflected in the 

Declaration of Helsinki. Also, the study was coordinated with the 

ethics committee of our Institution. 

  

Surgery 

Before surgery all image-sets are uploaded in the neuronavigation 

system for surgical planning. Neuronavigation (Brainlab AG Olof-

Palme-Straße 9, Munich Germany)  is allowed only for surgical 

planning, initial tumor localization and orientation during tumor 

removal, but not for judgment regarding extent of resection.  

At the induction of anesthesia (or at least 30 minutes before tumor 

exposure), patients receive 5 mg/kg (3mg/kg in the pediatric 

population) of intra venous sodium fluorescein-Monico Spa, Italy- (22 

July 2015, Gazette n.168, determination 905/2015: AIFA Approval in 

neuroncology) (Fig.4).  

22



Fig. 4 Sodium Fluorescein vial, Monico Spa, Italy 

Surgery is performed by using a dedicated surgical microscope; the 

Pentero 900 with fluorescence YELLOW 560nm filter (Karl Zeiss) or 

with the Spetzler lighted suction tube (Kogent surgical) connected to 

the blue filter at 490 nm from Karl Storz with yellow filter at 560 nm 

adapted to the surgical microscope cover (Fig.5 A,B,C). No heat was 

detected at the light suction tube, even after longer surgery. 

Fig. 5 Device used in Monza for fluorescein guided surgery.  
Fig. 5 A. Blue light filter connected to the light source (Karl Storz-Germany) 
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Fig. 5 B On the left side yellow filter at 560 nm, on the right side the Spetzler lighted 
suction tube (Kogent Surgical) 

Fig.5 C lighted suction tube with the blue light.  
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Surgical removal is performed with a standard microsurgical technique 

by using both white light and yellow light illumination in alternating 

fashion.  

The surgical technique for resecting extra-axial lesions such as brain 

metastases or meningiomas is different from that of removing gliomas. 

Metastases and meningiomas are delineated from healthy 

parenchyma and can be removed en bloc followed by circumferential 

dissection of the residual tumor capsule. In contrast gliomas have an 

irregular brain-tumor interface so they are removed by piecemeal 

technique. 

During surgery we used neuronavigation to check enhancing lesion to 

residual fluorescence (Fig. 6 A,B). 

Fig. 6. correspondence between intraoperative neuronavigation and residual 
fluorescence at the end of surgery. 
A. neuronavigation imaging showing the pointer in a contrast enhancing region. 
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B. residual fluorescence in the surgical cavity corresponding to the pointer level. 

Our protocol for lesions in eloquent area and peripheral nerve surgery 

consisted in all cases of intraoperative monitoring to identify the safest 

entry point in the cerebral parenchima and inside the pseudocapsule 

of schwannomas, and to verify, during and at the end of the 

procedure, the functional integrity of the healthy tissue.  

Fluorescence intensity measurements in region of interest (tumor 

areas, margins and normal/healthy parenchima, dura) are processed 

using Image J software (Version 1.53a, Wayne Rasband, National 

Institute of Health, USA) and a comparison is made between the red, 

green and blue emission channels of the different tissue in the 

different areas. Secondly we correlate the Fluorescein intensity with 

the histology of the tissue. The control regions are the dura for the 
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fluorescent tissue and the healthy parenchima, far away from the 

pathological tissue, for the non-fluorescent tissue (Fig.7).  

Fig. 7 Image J study in RGB scale. 1. dura (191,255,60); 2 lesion (204,255,60); 3. 
margin (120, 133, 136); 4. healthy parenchyma (104,90,34) 

 

For statistical analysis we used Excel Microsoft Office Software 

(2019). RGB acquired data were expressed by mean value, maximum 

value, minimum value and standard deviation. 
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Results 

In our study we have used fluorescein in intracranial and peripheral 

lesion, despite the histology. This, to have a wide experience with this 

dye and to know the utility of the Na-Fl in different pathologies. 

In Varese we performed cranial surgery in 21 patients, between 16 

and 77 years old. Mean age 50,76 years old. The histology of the 

lesion was Glioblastoma (WHO grade IV) in 11 cases, 1 anaplastic 

glioma (WHO grade III), 2 ependymomas (WHO grade II), 2 pilocityc 

astrocytoma (WHO grade II), 1 meningioma (WHO grade I),  2 atypical 

neurocytoma (WHO grade III), 2 metastasis. Table 1 shows the 

characteristics of the study population in Varese.  
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Table 1: study population in Varese. The table shows age, sex, histology, NaFl dose, 
Infusion time and side effects. GBM Glioblastoma 

As shown in table 2, in Monza we performed surgery in 17 patients, 

between 23 and 75 y.o; mean age 55,53 y.o. The histological 

diagnosis is 3 glioblastoma (WHO grade IV), 2 meningiomas (WHO 

grade I), 2 acustic schwannoma, 1 oligoastrocytoma (WHO grade III), 

Pz Age sex Lesion Localization Histology NaFl 
dosage

Timing injection Side 
effect

1 50 M Left frontal GBM 5 mg/kg Anestesia induction none

2 69 M Left temporal GBM 5 mg/kg Anestesia induction none

3 54 F cerebellar Lung metastases 5 mg/kg Anestesia induction none

4 16 M Right frontotemporal Anaplastic glioma 5 mg/kg Anestesia induction none

5 51 F Left temporoparietal Meningioma 5 mg/kg Anestesia induction none

6 53 F cerebellum Breast Metastases 5 mg/kg Anestesia induction none

7 41 F sovrasellar GBM 5 mg/kg Anestesia induction none

8 55 M Right temporal GBM 5 mg/kg Anestesia induction none

9 34 M  cerebellar Pilocytic 
Asrtocytoma

5 mg/kg Anestesia induction none

10 54 F Left Paratrigonal GBM 5 mg/kg Anestesia induction none

11 30 M Right lateral ventricle neurocytoma 5 mg/kg Anestesia induction none

12 69 M Left frontoparietal GBM 5 mg/kg Anestesia induction none

13 61 M Right frontal GBM 5 mg/kg Anestesia induction none

14 77 F Right Temporo occipital GBM 5 mg/kg Anestesia induction none

15 28 M Right temporoparietal GBM 5 mg/kg Anestesia induction none

16 68 M Right temporal GBM 5 mg/kg Anestesia induction none

17 58 M IV ventricle floor ependymoma 5 mg/kg Anestesia induction none

18 35 M Right cerebellar Pilocytic 
Astrocytoma

5 mg/kg Anestesia induction none

19 53 F Right frontal GBM 5 mg/kg Anestesia induction none

20 50 M IV ventricle ependymoma 5 mg/kg Anestesia induction none

21 60 m Left temporal neurocytoma 5 mg/kg Anestesia induction none
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2 spinal schwannoma, 2 ependymomas (WHO grade II), 4 peripheral 

schwannomas, 1 corpora Amylacea.  

Table 2: study population in Monza.  The table shows age, sex, histology, NaFl dose, 
Infusion time and side effects. GBM Glioblastoma. 

We elaborated intraoperative video of 38 patients to quantify the 

fluorescein’s intensity. From each video we obtained a screenshot 

from the initial, middle and end stages of surgery. We elaborated 311 

images. In every image we evaluated the fluorescein intensity in 3 

different sites: intralesional, peripheral and normal parenchyma. Our 

region of interest (ROI)  was punctiform. When possible we evaluated 

Pz Age sex Lesion Localization Histology NaFl 
dosage

Timing of infusion Side effect

1 61 f L3 Spinal nerve schwannoma 5 mg/kg Anestesia induction none

2 59 f Right Sciatic  nerve schwannoma 5 mg/kg Anestesia induction none

3 61 m cauda schwannoma 5 mg/kg Anestesia induction none

4 61 m Left temporal GBM 5 mg/kg Anestesia induction none

5 23 m Right ulnar schwannoma 5 mg/kg Anestesia induction none

6 50 f VIII c.n.right schwannoma 5 mg/kg Anestesia induction none

7 56 m Left frotal meningioma 5 mg/kg Anestesia induction hypertension

8 75 m Right Temporoparietal GBM 5 mg/kg Anestesia induction none

9 42 f Left Frontotemporal Meningioma 5 mg/kg Anestesia induction hypertension

10 71 f Left Frontotemporal oligoastrocytoma 5 mg/kg Anestesia induction none

11 58 f Right ulnar schwannoma 5 mg/kg Anestesia induction none

12 71 m VIII c.n.right schwannoma 5 mg/kg Anestesia induction none

13 50 m cauda ependymoma 5 mg/kg Anestesia induction none

14 51 m Left frontal GBM 5 mg/kg Anestesia induction none

15 56 f Right Axillary nerve schwannoma 5 mg/kg Anestesia induction none

16 26 f cauda ependymoma 5 mg/kg Anestesia induction none

17 73 f Right temporal Corpora amylacea 5 mg/kg Anestesia induction none

30



as a fluorescent control the RGB value of the dura mater. We used 

Image J software and the fluorescein intensity was calculated with 

RGB scale (Tab.3). 

Table 3. Maximum and minimum values in RGB scale for the different histologies. 

The mean value in fluorescent sites for the green value is 183; this 

mean includes intralesional fluorescence and margin fluorescence. 
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histology Rmin Rmax Gmin Gmax Bmin Bmax

GBM
156,0943 186,5283 197,8679 230,8679 29,18868 59,37736

schwannoma
113,5882 187,5294 126.6667 216,1765 106,9412 211,2353

Pilocytic 
astrocytoma 178,7273 199,0909 233,0909 244,8182 28 44,45

Pilocytic cyst 163 185 221 255 28 54 

Anaplstic 
glioma 122,75 128,75 156,5 163 25,5 32

Oligoastrocyto
ma 241 251 242 254 233 244

Neurocytoma 
219,5 230,3333 255 252,8333 16,83333 25,66667

ependymomas
192 249,3333 144.6667 230 114,6667 222,6667

Corpora 
amylacea 161,3333 190 143,6667 190,6667 110,6667 159,6667

meningioma 158,8 205,5 182 215,4 39,5 98,8

metastases 129,8 148,2 189 208,6 1,4 13,2



We extrapolated a maximum value of 255, the minimum is 68. In the 

red channel the mean is 148.594, the maximum value is 255 and the 

minimum value is 6. In the blue channel the mean value is 30.802; the 

maximum value is 255 and the minimum 3.  

The dura mater, which is always fluorescent, has a maximum value of 

G that ranges between 255 and 212. R between 250 and 112, B 

between 149 and 0. 

In the control area, the healthy tissue, where no fluorescence is found, 

the mean value calculated in the green channel is 74. The maximum 

value is 158, the minimum 4.  In the red channel the mean value is 92. 

The maximum is 255 and the minimum 0. In the blue channel the 

mean value calculated is 45. The maximum value 255 and the 

minimum 0. 

Owing to previous studies, everyone knows that Fluorescein intensity 

is dependent on the dosage, timing of infusion, depth of surgical 

cavity, zooming of the microscope and sometimes on the shadowing 

of surgical instruments. In our experience, we injected the same dose 

of 5mg/kg at induction of anesthesia. We reached the lesion in about 

45/60 minutes after infusion with relevant fluorescein staining at the 

lesion level. We had no need of a second infusion of Na-Fl in all 

cases. We extrapolated RGB data from images with similar range of 

microscope zooming. Even though we found difference in lesion 

depth, the G values were not affected. We excluded high 

magnification images because of their less fluorescein brightness. 
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 A limit of our study is the fact that images evaluated were not at the 

same magnification, so in our future work we are going to study pixel 

intensity of Na-Fl in images at the same microscopic magnification to 

maintain the same illumination.  

Histopathological analysis was performed in each case and tumors 

were classified according to the 2016 WHO classification by the 

Pathology group of each Institution.  

In table 4 there is the fluorescein intensity classification from the 

surgeon’s point of view (tab.4).  

Table 4. Characteristic and intensity of Fluorescein uptake: comparison between 
different histologies 
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Histology characteristic intensity

GBM inhomogeneous Moderate/intense

Anaplastic 
glioma inhomogeneous Moderate/intense spot

metastases inhomogeneous intense

Oligoastrocytoma inhomogeneous Moderate/intense spot

Pilocytic 
astrocytoma Inhomogeneous Moderate/intense spot

Pilocytic cyst homogemeous intense

Neurocytoma homogeneous intense

ependymomas homogeneous Moderate/intense

Corpora 
amylacea homogeneous moderate

meningioma homogeneous intense

schwannoma homogeneous moderate



In figure 8 A, B and C is shown the distribution of RGB values in 

fluorescent pathological tissue. 

Fig. 8 A. Maximum R values found related to tissue histology 
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Fig. 8 B. Maximum G values found related to tissue histology 

 

35

GBM

sch
wan

no
ma

pilo
cyt

ic a
str

oc
yto

ma

plo
cy

tic
 cy

st

an
ap

las
tic 

glio
ma

olig
oa

str
oc

yto
ma

ne
uro

cyt
om

a

ep
en

dy
mom

as

co
rpo

ra 
am

yla
ce

a

men
ing

iom
a

meta
sta

se
s

0

50

100

150

200

250

300
G values compared to histology

G values



Fig. 8 C. Maximum B values found in the different histological tissue. As shown in 
the graph, the B values are the less significant. 

 

In our study we noticed that High-grade glioma usually presented 

bright fluorescence with a yellow-green signal clearly distinguishable 

by peritumoral parenchyma. The intensity of fluorescence ranged 

between mean value of G from 197and 230 (max 255, min 134).  

Sometimes, in the central necrotic core, the tissue showed a dark 

pinkish feature with less fluorescein uptake. This particular 

appearance was more pronounced in recurrent tumors and in patients 

already submitted to radiotherapy. Sometimes a bright fluorescent 

fluid component was reported as the result of tumor cells colliquation. 
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The same pattern was showed in metastases, which had the similar 

fluorescence intensity mean value of G ranging between 189 and 208 

(max 250, min 179), with an inhomogeneous appearance. In WHO 

grade I and II we found few brightly fluorescent spots. In pilocytic 

astrocytoma was found a bright nodule with fluorescent peripheral 

cyst. The fluorescein enhancement was intense in the solid nodule, 

with mean G values ranging from 233 and 244 (mx 255, min 175) and 

the fluorescent intracystic fluid had an intense mean value of G from 

221 to 255 (Fig.9). 

Fig. 9 Fluorescence at the opening of cyst in a pilocytic astrocytoma 
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As Pilocytic nodule, similar values were found in WHO grade III lesion 

(mean G between 242 and 254, max 255, min 221). In meningioma 

we found a bright and homogeneous intensity of fluorescence. The 

mean values in G were similar to the high grade glioma.(182-215, max 

255, min 137). Ependymomas had an intense fluorescence. The mean 

values ranged between 144 to 230 (max 243, min 113).  

Neurocytomas had intense and homogeneous fluorescent 

enhancement. The mean values of G were from 252 to 255 (max 255, 

min 242). Peripheral, spinal neurinoma and VIII cranial nerve 

schwannomas showed a bright and homogeneous intensity pattern of 

fluorescence with a mean intensity of G from 126 to 216 (max 255, 

min 103). In the singular case of corpora amylacea, the aspect of 

fluorescence was homogeneous and moderate. The mean G value 

was between 143 and 190 (max 248, min 113). 

For statistical analysis, Excel (Microsoft Office 2019) software was 

used. After testing normal distribution, standard deviation (tab.5) and 

P value (tab.6), P<0,05 was determined as statistically significant. 

Data elaboration revealed significant (P green = 0,004) values for the 

color green in histological significant tissue. The other colors, red and 

blue, did not reach statistically significant values (Pred=0,09; 

Pblue=8,2) (Fig.10). From the box-plot diagram for G values we 

extrapolated the threshold of 167 (first quartile) in affected patients. In 

the same graph  we extrapolated the median value of 220 (Fig.11 

A,B,C). 
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Tab.5 mean values and standard deviation for pathological tissue and healthy 
parenchyma. 

Tab.6  P values in affected and healthy parenchyma 

Fig. 10. Distribution of G values in fluorescent tissue. 

Mean +/- SD in affected Mean +/- SD in healthy

Red 176,86 +/- 46,9 92,977 +/- 47,557

Green 207,82 +/- 44,42 75,081 +/- 27,008

Blue 65,19 +/- 71,18 47,056 +/- 44,338

P value Affected P value Healthy

Red 0,09 0,05

Green 0,004 0,99

Blue 8,2 2,2
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Fig. 11 A. Plotting of R values for affected/fluorescent tissue and healthy/non 
fluorescent tissue. Fluorescent tissue show high R values but not statistically 
significant.  
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Fig. 11 B. Plotting of G values for affected/fluorescent tissue and healthy/non 
fluorescent tissue. Fluorescent tissue show high G values statistically significant. 
And 167 (first quartile) is our threshold for pathological tissue. 220 median value. 
252 third quartile.  
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Fig.11 C. Plotting of B values for affected/fluorescent tissue and healthy/non 
fluorescent tissue. Fluorescent tissue shows low B values. Not statistically 
significant. 

From our statistical study we can postulate that the G value is a good 

marker for fluorescein uptake in the lesion, and therefore a good 

marker for pathological tissue. 
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Complications 

 2 patients suffered from hypertension about 2 minutes after injection, 

which was corrected with pharmacological therapy. No alteration of 

heart rate was found. One patient reached a blood pressure of 

180/100 mmHg treated with Trinitrate infusion. The second patient 

raised the blood pressure up to 150/85 mmHg and was efficaciously 

treated with endovenous infusion of Furosemide 20 mg and Mannitolo 

125 ml. No other problems arose during surgery or the post-operative 

period. 

In all patients, immediate but transient yellow discoloration of the skin 

and the urine was reported, for a maximum of 24 hours.  

Table 7 offers a summary of the known side effects of Na-Fl. 
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Tab. 7.Side effect of Na-Fl found in the leaflet. 

Very Common  
May affect more 
than 1 in 10 people

- Nausea

Common 
May affect up to 1 
in 10 people

- Vomiting 
- Syncope 
- Redness and itching of the skin 
- Discolouration (yellowing) of the skin and 

eyes 
-  Discolouration (yellowing) of the urine 
- Abdominal discomfort 
- Pain at the site of injection 

Uncommon 
May affect up to 1 
in 100 people

- Allergic reactions such as oedema of the 
face, urticaria 

- Feeling  flushed 
- abdominal pain 
- Feeling numb 
- feeling dizzy 
- headache 
- tingling 
- venous clot

Rare 
May effect up to  1 
in 1000 people

- lowering of blood pressure 
- cardiac arrest 
- chest pain 
- breathing difficulties 
- severe allergic reaction

Very Rare 
May affect up to 1 
in 10000 people

- fatal anaphylactic reaction 
- myocardial infarction 
- collapse of cardiovascular system 
- convulsion 
- laryngeal oedema 
- pulmonary oedema 
- angina pectoris
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Discussion 

During the extrapolation of the data, we used the RGB scale. It 

defines a color space in terms of three components: Red, which 

ranges from 0-255; Green, which ranges from 0-255; and Blue, which 

ranges from 0-255. Combining red, green, and blue light is the 

standard method of producing color images on screen, such as TVs, 

computer monitors and smartphone screens. 

The RGB color model is an additive one. In other words, Red, Green 

and Blue values (known as the three primary colors) are combined to 

reproduce other colors. When 100% of each color is mixed together, it 

creates white light. When 0% of each color is combined, no lights is 

generated, creating black. 

The number of color supported by RGB depends on how many 

possible values can be used for red, green and blue. This is known as 

“color depth” and is measured in bits. The most common color depth 

is 24-bit color, also known as “true color”. It supports eight bits for 

each of the three colors, or 24 bits total. This provides 28 or 256 

possible values for red, green and blue. 

When displaying a color image on a screen, each pixel has a specific 

RGB value. In a 24-bit color, this value is between 0 and 255, where 0 

is no color and 255 is full saturation. 

We defined 2 main areas: the fluorescent and non-fluorescent. The 

sample for the fluorescent area is the dura mater. It is known that it 

has no BBB so it is always fluorescent. The sample of the control area 
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is the healthy parenchyma. Sometimes it may have a yellowish color 

due to the yellow microscope filter. 

The maximum fluorescent value is found in the dura with a RGB mean 

value of 188; 241; 23. 

The fluorescent tissue ranges from 255,255,250 as a maximum value 

to 0,68,3 in the minimum value. 

In the control area we founded as maximum value 255, 158, 255 and 

minimum value 13,4,0; but we must consider that the visualization of 

the color is the three-channel combination. 

At the margins of the tumor, we found a slowly decrease of the 

fluorescence until we have reached the final surgical cavity, after 

surgical removal of the lesion. In this area the mean values for the 3 

channels are 129,149,47. In this area we must consider a residual 

fluorescence owing to the uncoagulated vessels and the manipulation 

of the tissue (Fig.12). 
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Fig. 12 Surgical cavity with a residual of fluorescein uptake by the tissue due to 
uncoagulated vessels. 

The main difference between the 2 surgical techniques is that the blue 

channel value is higher with the lighted Spetzler Suction Tube. 

The surgical removal of the lesion is performed following the green 

tissue. Particular interest is given to the final stage, in order to 

evaluate tumor margins and “hidden corners” of surgical cavity (Fig. 

13-14-15). In this stage we can find the Spetzler suction tube easier to 

use because with this device we can bring the light coaxial to the 
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surgical cavity improving better visualization of the residual tumor 

tissue.   

Fig. 13 Surgical cavity  

A. under white light the surgical cavity seems clean from pathological tissue. 

B. Under yellow light the remnant of the lesion is clear. 
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Fig. 14 Surgical cavity under white light in A, during hemostasis. In B, after 
hemostasis control of the surgical cavity with residual fluorescence due to a lesion 
remnant. 

A. White light 

B. Yellow light with 560 filter. 
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Fig. 15 Surgical cavity, “hidden corner”. 

A. Under white light  

B. With yellow 560 filter residual fluorescent tissue is easier to find 
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Following completion of resection, no further significant fluorescence 

is noted (Fig.16). 

Fig.16 Surgical cavity at the end of surgery.  

A. under white light at the final stage after hemostasis 

B. Under yellow 560 light no residual fluorescent staining. 
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Sometimes a small amount of staining around cortical edges was 

related to breakdown of BBB due to bipolar coagulation (Fig. 17). 

Fig. 17 In this figure at the final stage there is fluorescent uptake in cortical edges 
due to tissue manipulation  

A. Under yellow light 

B. Under White light  
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During and after surgery patients are closely followed-up for possible 

side effects related to the use of Fluorescein with clinical and 

biochemical parameters, including evaluation of arterial blood 

pressure, heart rate, O2 saturation, temperature, skin color and blood 

creatinine, as indicated by AIFA. The Fluorescein was well tolerated. 

Only 2 patients had an increased arterial blood pressure about 2 

minutes from the intravenous injection. 

Our results, about the use of fluorescein, considering the technique 

and the tumoral resection, are aligned with the literature. The surgeon 

classification of intraoperative fluorescence visualization between 

different lesion in our experience is similar to other works34,35,36.  

I In the work of Falco et alt. about the application of Fluorescein in 

Cranial and Spinal Tumors, the intensity of fluorescein was graded by 

the surgeon, considering the brightness and homogeneity. They found 

di fferences between di fferent Histologies . Metastases, 

oligodendrogliomas and astrocytomas showed a heterogeneous 

intensity of fluorescence. Ependymomas, meningiomas, lymphomas 

sellar tumors and tumors of cranial and spinal nerves showed 

homogeneous and high intensity fluorescence. In their work they 

found that fluorescein is a good adjunct in every CSN tumor with BBB 

disruption proved by Gadolinium uptake34.  

In a similar fashion Acerbi et alt. classified the intensity of 

fluorescence in intramedullary tumors35 and Vetrano et alt. classified 

peripheral nerve lesions36. As in their work we found bright and 

homogeneous fluorescence in ependymomas.  The fluorescence was 
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absent in grade II astrocytomas and benign glioneuronal tumors. All 

these findings corresponding to the enhancement in MRI. 

At the moment there are few works about objective fluorescein 

intensity and histological pattern of lesion23,37.   

In 2017 Neira at al correlated intraoperative fluorescein staining with 

histopathological alteration in contrast enhancing and non-contrast 

enhancing intracranial Glioblastoma. They found high intensity 

fluorescence in contrast enhancing tissue containing frank tumor cells. 

Notably, fluorescence was also found in non-contrast enhancing 

regions in many tumors which may be due to different vascularization 

or inflammation and have been considered tumor positive and 

targeted for resection when safe and possible. Necrotic regions 

exhibited variable levels of fluorescence, from bright to none23.   

In their work Kuroiwa et al histologically examined GBM specimens 

collected at autopsy or during surgery. They found a gradual increase 

in the number of tumor cells from the normal brain tissue around the 

tumor toward the main portion of the tumor. Cellular density in the 

periphery was low, with a few tumor cells scattered among normal 

cells. Walls of blood vessels in this region were conspicuous due to 

reactive astrocytes, but no histological changes were found in the 

vascular wall itself. In the tissue with high tumor cell density, which 

appeared to be the main portion of the tumor, the so-called endothelial 

proliferation was noted. The density of blood vessels decreased 

toward the tumor center, and blood vessels with a thick wall and a 

small caliber and thin wall with large caliber were present. In the 

central necrotic tissue, necrosis of both tumor cells and vascular cells 
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occurred.  In the histological examination, the regions showing intense 

fluorescence were rich in tumor cells and showed a strong vascular 

reaction, whereas the regions of necrosis or with less tumor cells and 

without vascular reaction around the tumor showed no fluorescence.  

In the regions where tumor cells were dense, and could have been the 

main portion of the tumor, the vascular reaction was strong and the 

fluorescent dye have leaked out. In the region around that, a low 

tumor cell density and little or no vascular reaction were found, and no 

leak of fluorescent dye would have been expected37. 

As previously postulated, Na-Fl uptake in the extracellular space is the 

result of disruption of BBB15. This means that Na-Fl accumulates in 

the same areas of gadolinium enhancement on MRI. However, in 

2018, Schebesch et al showed that non-gadolinium enhancing 

gliomas revealed an intraoperative yellowish stain during resection. 

So intraoperative detection and border zone identification of the 

gliomas was possible. These lesions had strong metabolic activity at 

FET-PET study 38.   

The utility of Na-Fl in neurosurgery is well known. The first use was in 

high-grade gliomas and glioblastoma to optimize the extent of 

resection. Shinoda et al presented a series of 32 patients with 

glioblastoma for whom resection was guided by high-dose Na-Fl (20 

mg/kg)39. With the advent of specific microscope filters to optimize 

visualization, low doses of Na-Fl was utilized3,4,37,40,41,42. The 

usefulness of Na-Fl is well established even in recurrent glioblastoma 

in literature such as in our experience. Hoehne et al found a good 

intraoperative fluorescence in 106 recurrent GBM, and this 
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fluorescence had no difference between primary GBM and recurrent 

one. In addition they have not found Na-Fl uptake in scar tissue43. The 

fluorescein uptake was variable in our experience such as the 

experience of Schebesch et al the fluorescent effect was pronounced 

in vital tumor margins and was absent in the necrotic part; although 

the fluorescent was heterogeneous in many cases, it still allow a clear 

delineation of tumor margins42. Our findings on G values in WHO 

grade IV lesions was from 197 and 230. 

We used this technique for metastases removal as confirmed by 

previous study.  The complete resection of metastases has been 

shown to benefit patients and to be crucial for quality of life and the 

efficacy of subsequent treatments. In these works Na-Fl makes the 

surgery easier, identifying the target area, resulting in a higher 

resection rate 22,34,44,45,45,47,48. 

The value of Fluorescein is similar to the high-grade glioma with a 

maximum value of  G 250, and a minimum value of G150. The uptake 

was inhomogeneous and the intensity was from moderate to intense 

as described in other works 45. We can postulate that the high 

intensity was related to high cellularity and the lower intensity was 

related to cellular necrosis. 

The importance in the treatment of metastases is that the follow-up is 

different.  

In their work Okuda et al Fluorescence-guided surgery with gross total 

resection in cerebral metastases, achieved successful local control in 

80% of patients with no Whole Brain RadioTherapy (WBRT). 

Statistical analysis revealed that additional WBRT tended to improve 

the local recurrence rate, but not significantly. In their study FGS 
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postpones the subsequent WBRT but also keeps WBRT as a 

therapeutic option for subsequent cerebral metastases. This prolongs 

survival and decrease the rate of central nervous system death. In 

their study they found no difference in staining intensity among the 

metastases of different types of primary Cancer44. 

To our knowledge, De Silva et al first published their surgical results of 

Na-Fl guided resection of extra axial tumors (1 craniopharyngioma, 1 

vestibular schwannoma, 1 pituitary adenoma, 3 meningiomas) after 

injection of high dose of Na-Fl under white light illumination49,50. The 

same group provided a report on 5 frontal convexity meningiomas 

resected after injection of high NA-Fl doses (1000 mg of 20%)51. 

Akcakaya et al performed meningioma surgery in 30 patients with NA-

Fl. They have found that this dye was useful in demonstrating the 

cleavage between brain tissue and the tumor, but also, according to 

vascular protocol of Na-Fl,  to evaluate Na-Fl stained vessels for 

patency and to understand the relationship with the tumor(feeder/en 

passage vessel, perforating vessels, drainage veins). This approach 

helps to avoid vascular injury during surgery that is associated with 

postoperative morbidity. In addition, they have found Na-Fl particularly 

helpful to follow meningioma tissue within hyperostotic bones at the 

skull base and calvarium52. Fluorescent staining in our study is bright 

and homogeneous. G values ranged between 182 and 215.  

In our research, we performed peripheral nerve surgery with this 

technique. We removed 2 vestibular schwannomas, 4 peripheral 

nerve schwannomas and 2 spinal schwannomas, with a high intensity 
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of fluorescence, G from 131 to 255. The use of fluorescein during 

schwannomas surgery was described in other works 36,53,54. 

The utility of Na-Fl in vestibular schwannomas was showed in the 

work of Perez in 2018 demonstrating that merlin-deficient Schwann 

cells and vestibular schwannoma cells had higher uptake of Na-Fl 

than normal primary Schwann cells31. 

Pedro et al. described fluorescein use during resection of benign 

peripheral nerve sheath tumors55. Other use in peripheral nerve 

surgery was described by Stone et al. during surgery for peroneal 

intraneural ganglion cysts. They chose Fluorescein as the fluorophore 

for their case because of its propensity to highlight abnormal 

structures within the nervous system. In fact the nerve injury caused 

by pressure from the dissecting cyst likely leads to increased 

endoneurial vessel permeability and therefore enhanced appearance 

during visualization with the yellow microscope filter56. Even though 

Falco in his work found no difference between the lesion and the 

nerve34, in our research we found useful use of the fluorescein; with a 

good illumination of the surgical field, we can discriminate between 

the green-yellow appearance of the lesion and white-grey appearance 

of the nerve. In the work of Vetrano et alt. the surgeons needed to 

lower the Na-Fl dosage to 1 mg/kg to better discriminate the difference 

between nerve and lesion. With their technique they found useful use 

of fluorescein in schwannomas, neurofibromas because of their 

homogeneous and intense fluorescence. In mixoma and other malign 

lesion fluorescein was not useful to remove the lesion, in fact their 

intensity was slight and inhomogeneous36.   
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As in other works the first look under yellow filter showed only a 

slightly higher fluorescence zone corresponding to the tumor; after 

tumor pseudocapsule opening the real difference between tumor and 

normal fibers was observed36,53,54,57.  

Little is known about how fluorescein accumulates in peripheral 

nervous tissue. Abram et al. used fluorescein as a hydrophilic marker 

to study how nerve injury affects dorsal root ganglia permeability. In 

this study they demonstrated that after 30 minutes fluorescein 

appeared in damaged peripheral nervous tissue following intravenous, 

intrathecal, epidural or epineural injection. With intravenous injection, 

the control animals exhibited high uptake in the dorsal root ganglion 

and low uptake into the sciatic nerve. After nerve injury, they found a 

dramatic increase in fluorescein uptake in the sciatic nerve and high 

fluorescein content surrounding individual fascicles. This increase in 

intraneural dye was attributed to an increased permeability of the 

peripheral nerves58. In a separate sciatic nerve injury model, an 

increase in permeability of endoneurial blood was detected, despite a 

preserved ultrastructural appearance. This was associated to a 

concomitant increase in number of mast cells, which may provide an 

explanation of the dye accumulation59. 

In their works Pedro et al described the utility of Na-Fl during 

peripheral nerve sheath tumor surgery, 10 cases of schwannomas53. 

In 2020 Pedro et al described the intraoperative use of Na-Fl for 

identification of the target fascicle for biopsy; in fact they found 

enhanced tissue differentiation between normal and pathological 

fascicles, leading to more limited and accurate biopsy54. 
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Despite these previous works, Kalamarides et alt considered that Na-

Fl added limited additional value in primary peripheral nerve 

schwannoma. They found it useful only in one case to discriminate the 

lesion from the normal nerve. Na-Fl did not help with the safe entry 

zone in the psuedocapsule incision. In addition during intraneural 

dissection the colorimetric variation between tumor and normal tissue 

induced by fluorescence did not outperform the natural contrast 

between the yellow true capsule and the gray-red layers of the 

pseudocapsule57. 

In our study, we have found that the fluorescence intensity is different 

for the different lesions and it's different during the same surgery.  

From our experience, we can also postulate that this intensity 

decreases as the distance from the light source and detector 

increases from the interrogated area. The collected light is dependent 

on numerous factors including the amount of excitation light, tissue 

optical properties, time from the administration of the dye, surgical 

manipulation of the tissue, necrosis area and perilesional edema60.  

Our results provide strong evidence that intraoperative Na-Fl is a safe 

and reliable indicator of pathological tissue in CNS and PNS. 

Fluorescein is useful for guiding safe and when possible, radical 

resection of the tumor. This might improve progression free survival 

and overall survival. 

Our operative threshold curves determining the value of accuracy 

were found at 167G under which the probability of finding malignant 

cells is lower (Fig.11 B).  
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       Conclusion 

In this project we found an intrinsic threshold that has an influence on 

diagnostic accuracy. This could highlight all brain tissue to a certain 

extent, despite having higher concentration in tumor tissue and in the 

dura. This threshold will have to be clearly described. Increasing the 

threshold will lead to fewer false negatives and lowering the threshold 

will lead to more false positives. Thus, defining a threshold will directly 

affect diagnostic accuracy. Optimally, receiver operating curves should 

be employed to relate all thresholds to their respective diagnostic 

accuracy61.    

We must keep in mind that the intraoperative signal can change. 

During a neurosurgical procedure lasting several hours, the signal 

induced in tissue will change over time. While fluorescein has no 

specific affinity to tumor cells, concentrations are at first high in 

perfused tissue and are later extravasated in tumor matrix, leading to 

pseudoselectivity. However, there is some concern about unspecific 

propagation with edema15,62.  

The intensity of this value is important because there are no more 

malignant cells. The minimum intralesional value for G where we can 

find positive histology is 167. Below this value we can postulate there 

are no malignant cells, or no cell (necrotic area).    

At this moment we found differences between different types of tissue 

in the green channel but no significant difference in the R and B 

channels. In fact there is a wide range of variability in this channels 

because of the presence of blood, microscope light and instrument 
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shadow on the parenchyma. We need more data to complete the 

research in the R and B channels.  

Future work 

Our data can be used in future research. The threshold found could be 

associated with the microscope yellow software to calculate the 

Fluorescein intensity during surgery to obtain a 360° use of 

Fluorescein. The surgeon can see on the microscope ocular the 

fluorescein intensity to continue removing lesion or stop it.  

We found differences between different histological tissue about green 

intensity and characteristics but further work is necessary to perform a 

statistical analysis. 

This work can also be a starting point to find correlation with 

intratumoral markers and intensity of fluorescein. As described before, 

the color is a combination of RGB values, so we can also compare the 

combination of the 3 elements together to have the complete color 

values in the pathological tissue. 
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Abbreviations 

BBB Blood Brain Barrier 

BNB Blood Nerve Barrier  

CNS Central Nervous System 

FGS Fluorescein Guided Surgery 

GBM Glioblastoma Multiforme 

HGG High Grade Glioma 

HIF Hypoxia inducible factor 

MRI Magnetic Resonance Imaging 

Na-Fl Sodium Fluorescein  

TJ tight junction 

VEGF Vascular Endothelial Growth Factor 

WBRT Whole Brain RadioTherapy 
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