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Malignant gliomas carry a poor prognosis com-
pared to other malignant tumors in humans,13,14 
which is only slowly improving.11,36 It is generally 

agreed that the extent of resection and local tumor control 
are associated with a longer overall and progression-free 
survival, thus safe maximal resection is an important first 
step for multimodal therapy.12–14,17,21 Because even small 
remnants of tumor tissue can impair overall survival,5,28 
surgical techniques and adjuncts are constantly being re-
fined.

Because of the diffuse growth of malignant gliomas, 

it is difficult to identify tumor borders based on the mi-
croscope impression under white light or tissue consis-
tency alone.4 For this reason, several tools have emerged 
that enable better identification of marginal tumor. One 
method, 5-aminolevulinic acid (5-ALA)–induced proto-
porphyrin IX (PPIX) fluorescence-guided surgery (FGS), 
has proved to be particularly useful due to the accuracy 
of visualization and the fact that visualization occurs in 
real time, while operating.8,29,30 This compound is now ap-
proved by the European Medicines Agency and the US 
FDA. PPIX fluorescence tissue extends beyond the bor-
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OBJECTIVE Recent efforts to improve visualization of 5-aminolevulinic acid (5-ALA)–induced protoporphyrin IX (PPIX) 
fluorescence resulted in a dual-labeling technique, combining it with fluorescein sodium in a prototype setup. Fluorescein 
identifies regions with blood-brain barrier breakdown in gliomas. However, normally perfused and edematous brain fluo-
resces unselectively, with strong background enhancement. The aim of this study was to test the feasibility of a novel, 
integrated filter combination using porphyrins for selective tumor identification and fluorescein for background enhance-
ment.
METHODS A microscope with a novel built-in filter system (YB 475) for visualizing both fluorescein and 5-ALA–induced 
porphyrins was used. Resection limits were identified with the conventional BLUE 400 filter system. Six patients harbor-
ing contrast ring-enhancing lesions were analyzed.
RESULTS The complete surgical field could now be illuminated. Fluorescein was helpful for improving background 
visualization, and enhancing dura, edematous tissue, and cortex. Overlapping regions with both fluorophores harbored 
merged orange fluorescence. PPIX fluorescence was better visualized, even in areas beyond a normal working distance 
of approximately 25 cm, where the BLUE 400 filters recognized no or weak fluorescence.
CONCLUSIONS The novel filter system improved general tissue brightness and background visualization, enhancing 
fluorescence-guided tumor resection. Furthermore, it appears promising from a scientific perspective, enabling the si-
multaneous and direct observation of areas with blood-brain barrier breakdown and PPIX fluorescence.
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ders of gadolinium contrast-enhancement in MRI, which 
for a long time has been the goal for maximal resection 
in malignant glioma surgery.38 Complementary tools, i.e., 
intraoperative ultrasonography, monitoring and mapping 
techniques, intraoperative imaging with CT or MRI, and 
neuronavigation, together with FGS, are the mainstays of 
modern glioma surgery.34 However, background illumi-
nation in FGS with 5-ALA is in some cases considered 
too weak, limiting background discrimination and requir-
ing frequent changes between white light and blue light 
illumination,34 such as for hemostasis. Regarding this 
constraint, we see room for improvement. Fluorescein, a 
dye that is approved for ophthalmology, has been used for 
identifying areas of blood-brain barrier breakdown in the 
brain.1–3,16,23,34 However, this fluorophore, being in vessels 
and without specific affinity to tumor cells, also highlights 
perfused dura, normal brain, and areas of edema. When 
normal brain tissue is infringed by surgery, this leads to 
unspecific extravasation of fluorescein, requiring much 
experience to discriminate fluorescein from tumor-related 
blood-brain barrier disruption, surgical manipulation, or 
edema propagation7,23 (Fig. 1). On the other hand, 5-ALA 
PPIX-induced fluorescence bleaches rapidly and can be 
destroyed by white light or coagulation. We hypothesized 
that a combination of fluorescence information from both 
fluorophores might provide synergies during FGS, not only 
providing additional information during resection under 
fluorescence illumination, but also providing a platform 
for scientific evaluations. We recently published a proof-
of-principle study regarding a combination of the Pentero 
microscope YELLOW 560 module (Carl Zeiss Meditec) 
with a handheld device and external blue-light illumina-
tion (D-light C System, 375–440 nm, Storz).40 With the 
excitation maximum of fluorescein being 480 nm and of 
5-ALA being 405 nm, none of the existing filter systems to 
date was truly capable of simultaneously visualizing both 
fluorophores.

We now give the first report of the intraoperative use of 
a novel filter construct for detecting fluorescence (YB 475; 
Carl Zeiss Meditec) in combination with a tailored excita-
tion light range, both incorporated into a standard surgical 
microscope. Detection and illumination filters were spe-
cifically engineered to allow simultaneous visualization of 
both fluorophores through a single optical pathway.

Methods
Dual-Labeling Filter YB 475

Fluorescein generates its strongest fluorescence at an 
excitation light wavelength of 480 nm,24,41 and its fluo-
rescence maximum is at 525 nm. Unlike fluorescein, the 
PPIX excitation maximum is found at 405 nm,15 deliver-
ing the highest fluorescence peak at 635 nm and a second 
peak at 704 nm15,19 (Fig. 2).

We used a modified experimental system with xenon 
light delivering an excitation wavelength in the range of 
390–475 nm, after obtaining CE certification for medical 
usage (Carl Zeiss Meditec). The system was functionally 
fully integrated into a standard OPMI Pentero microscope, 
in addition to a BLUE 400 filter component for standard 
FGS. By allowing emission light to pass between 545 and 

740 nm, the built-in long-pass filter allows visualization 
of both fluorophores PPIX and fluorescein (Fig. 2). In ad-
dition, the emission filter was equipped with an additive 
excitation bandpass component, allowing light passage be-
tween 430 and 455 nm, thereby enabling partial passage 
of remitted blue excitation light for further enhancement 
of background tissue detail. Without fluorescein, the filter 
has similarities to the commercially available BLUE 400, 
however, the larger wavelength range of xenon excitation 
light allows better excitation of fluorescein fluorescence. 
For the purpose of this report, we have termed the proto-
type filter YB 475 (Fig. 2). During surgery, working dis-
tance was maintained at approximately 25 cm. Light inten-
sity was automatically upregulated to 100% when switch-
ing to surgery with BLUE 400 or YB 475 filter systems.

Due to technical constraints, the internal Zeiss Pentero 
HD1 video camera was not able to record pictures dur-
ing surgery and video material was only obtainable for the 
new filter system YB 475. Therefore, we provide screen-
shots from videos recorded with the YB 475 filter.

Patient Collective
Six patients harboring suspected malignant glioma 

were operated on at our institution between November 
2016 and May 2017 and prospectively included in this 
study. 5-ALA, in a standard dose of 20 mg/kg body weight 
(Gliolan, Medac) was administered orally 4 hours prior to 
induction of anesthesia, and low-dose fluorescein (3 mg/
kg body weight; Fluorescein Alcon 10%, Alcon Pharma 
GmbH)—which is still off-label for its application in neu-
rosurgery—was administered intravenously during induc-
tion of anesthesia, as previously described.1,30 All surger-
ies were performed by senior neurosurgeons.

FIG. 1. Fluorescence time kinetic estimation curves for fluorescein 
(green) and PPIX (red) fluorescence. This scheme estimates the fluo-
rescein kinetics as previously published.39 First, we observe fluorescein 
fluorescence in hyperperfused vessels and brain tissue. Hereafter, we 
observe what we call the “pseudoselectivity” for fluorescein in tumor tis-
sue,39,40 being finally observed in the peritumoral edema zone and zones 
of resection margins. In contrast, 5-ALA real-time kinetics (asterisk) was 
studied in a recent study from our group. We observed PPIX fluores-
cence to peak approximately 8 hours after administration (unpublished 
data). a.u. = arbitrary unit. Figure is available in color online only.
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We obtained written informed consent from all patients 
presented in this study after consultation with the ethics 
committee of the University of Münster concerning com-
passionate use of fluorescein, due to the off-label nature 
of this application. Each patient was discussed in an inter-
disciplinary setting within the tumor board from our insti-
tution, where surgery was proposed independently of this 
study. Mapping and monitoring included motor-evoked po-
tentials by high frequency stimulation of motor structures 
in anesthetized patients, language mapping and monitor-
ing under dexmedetomidine,37 neuronavigation, and ultra-
sonography.

No surgical decisions were made based on the images 
from the YB 475 filter. Because  this was an observational 
study, no tissue was taken while solely applying the YB 
475 filter. As standard protocol after glioma resection, ear-
ly postoperative MRI was performed within 48 hours after 
surgery. In the T1-weighted MR images with and without 
gadolinium enhancement, complete resection of enhancing 
tumor was defined when residual tumor tissue of less than 
0.175 cm3 or one voxel was detected.9,13,22,35

Results
Contrary to our previously described application,40 

where only a limited part of the surgical field was illumi-
nated for excitation of PPIX, the complete surgical area 
was now highlighted, maximizing the advantages of the 
dual-labeling technique.

Fluorescein again was observed in the dura, cortex, 
and edematous brain tissue, and its distribution differed 
from the PPIX tumor fluorescence. For example, central 

tumor necrosis showed weak fluorescein fluorescence but 
no PPIX accumulation. Furthermore, unspecific extravasa-
tion of fluorescein was noted during resection and at re-
section margins. From our observation, fluorescein did not 
obstruct PPIX fluorescence detection.

Even when using the BLUE 400 filter, fluorescein fluo-
rescence was visible, especially in the normal cortex. How-
ever, using the new YB 475 filter construct, fluorescein 
fluorescence in tissue was strongly enhanced. In all stud-
ied cases, we observed red to orange PPIX fluorescence 
in tumor tissue, which indicates PPIX and fluorescein 
co-emitting red and yellow fluorescence (Fig. 3, Video 1). 
When directly comparing PPIX distributions under stan-
dard BLUE 400 and YB 475 filter moieties, we could not 
detect a difference in their borders (Video 1).

VIDEO 1. Intraoperative video of a 55-year-old woman harboring a 
glioblastoma in her right parietal lobe. The video demonstrates the 
visualization of fluorescent tumor tissue after receiving both 5-ALA 
and fluorescein as described in the paper with the BLUE 400 and 
the YB 475 dual-labeling filter. Note the richer background visual-
ization utilizing the prototype filter. Copyright Eric Suero Molina. 
Published with permission. Click here to view.

Necrosis, when encountered, harbored a weak yellow 
fluorescence that served to highlight the cavity but also 
helped identify necrotic tissue. Blood in the resection cav-
ity covered both fluorescence types. We considered this 
observation particularly useful because we could now in-
terpret lack of any fluorescence due to covering with blood, 
rather than due to resection of all tumor (Video 2).

VIDEO 2. Intraoperatively acquired imaging of a 43-year-old man 
with a left-frontal distant recurrence of a gliosarcoma. Visualization 

FIG. 2. Manufacturers’ specifications of the new YB 475 filter system demonstrating an excitation light band that ranges from 
approximately 390 to 475 nm, enabling light to be absorbed by PPIX and fluorescein simultaneously. The observation filter allows 
light to pass between 545 and 740 nm. This setting enables optimal visualization for 5-ALA and fluorescein. In addition, the emis-
sion filter also allowed passage of a small band of light between 430 and 455 nm, enabling remitted excitation light to pass and to 
further enhance background detail. a.u. = arbitrary unit. Figure is available in color online only.

Unauthenticated | Downloaded 05/23/23 11:22 PM UTC

https://vimeo.com/317270000


J Neurosurg Volume 132 • June 2020 1727

Suero Molina et al.

is shown under both BLUE 400 and YB475 filter system. 5-ALA–
induced fluorescence appeared red to orange. Fluorescein-
fluorescence, additional to the tumor delineation due to PPIX 
fluorescence, enhances visualization of the surgical field, including 
tumor and adjacent tissue, and facilitates hemostasis. Copyright 
Eric Suero Molina. Published with permission. 

The surrounding intense, yellow, fluorescein-fluores-
cence enhanced the surgical field, illuminating our surgi-
cal background and creating a brighter operative setting 
(Figs. 3 and 4). Additionally, deeply located structures be-
yond our area of focus in the surgical field were enhanced 
and much better visualized, facilitating orientation while 
operating. For hemostasis, changing between white-light 
microscopy and YB 475 was rarely required. Cortical ves-
sels were easily distinguished on the yellow background 
of perfused tissue and localized sources of bleeding dur-
ing resection could be much better observed under the YB 
475 filter compared to the BLUE 400 and consequently 
coagulated during surgery. No adverse effects were ob-
served either from 5-ALA or fluorescein in these patients.

Discussion
FGS with 5-ALA has become a highly recognized 

standard for enhancing resection of high-grade gliomas. 
As a natural heme precursor, 5-ALA induces the expres-
sion of fluorescent PPIX in tumor cells.32 Due to the intra-
cellular accumulation of porphyrins, there are no issues 
of unspecific leakage of fluorophore or propagation with 
edema using this method. The excitation maximum of 
5-ALA–derived porphyrins is 405 nm, representing the 
Soret band of PPIX,33 inducing an emission peak at 635 
nm together with a secondary peak at 704 nm.15,19 The 
present filter system BLUE 400 (Carl Zeiss Meditec) has 
been left unchanged since its initial introduction in the late 
1990s29 and innovations should be considered.

Fluorescein in Malignant Glioma Surgery
When used as a singular agent for depicting tumor via 

the impaired blood-brain barrier, fluorescein has a num-
ber of possible pitfalls, which pose potential risks.23,25,40 
Timing is a crucial factor when working with fluorescein. 
Initially and promptly after intravenous application, fluo-
rescein will have high concentration in plasma and thus in 
vessels, and all perfused tissues, thus in the brain.20 Sub-
sequently, fluorescein enters tumor extracellular space in 
areas in which the blood-brain barrier is disrupted, from 
there spreading with edema into peritumoral tissue.39 In 
humans, the rate of tumor edema propagation is about 2 
mm/hr.10,27,39 The period of time between extravasation 
and significant incursion into peritumoral tissue offers a 
window of “pseudoselectivity” in which this agent will 
provide information about the angiogenic part of the tu-
mor,40 thereafter additionally marking perifocal edema tis-
sue.23,27,39,40 When brain tissue is manipulated, i.e., during 
corticotomy, fluorescein leaks from the brain tissue inter-
face unselectively. Fluorescein has no known affinity to 
malignant glioma cells.6

However, the disadvantages of fluorescein outlined 
above might be used to its advantage when combining 
both fluorophores, making fluorescein the perfect adjunct 
for a dual-labeling technique with 5-ALA.

Advantages of Dual-Labeling and the YB 475 Filter 
Construct

In our experience, we observed the background to be 
more easily distinguishable due to the yellow fluores-
cence emitted from intravascular fluorescein in perfused 
brain. Furthermore, blood in vessels, which is dark, nicely 
contrasts cortical and subcortical vessels against yellow-
stained brain tissues, thus allowing tissue manipulation 
or vessel coagulation under the fluorescence mode of the 
microscope.

The advantages of this better background illumination 
are the most important observation from this technique 
assessment. Neurosurgeons accustomed to 5-ALA–de-
rived fluorescence-guided surgery often desire a better 

FIG. 4. Images obtained in a 43-year-old man with a left-frontal distant 
recurrence of a gliosarcoma. Intraoperative imaging was performed with 
a BLUE 400 (A) and YB 475 filter (B) after 5-ALA and fluorescein ap-
plication as described in the Methods. The synergistic effects of fluores-
cein with 5-ALA could partly be appreciated using the standard BLUE 
400 filter but was markedly enhanced using the filter moiety. Note the 
brighter background and the merged red-orange fluorescence observed 
during the dual-labeling technique with the YB 475 filter. Furthermore, 
observe yellow illumination of the cortex with negatively contrasted ves-
sels, which were thus easily identified. Figure is available in color online 
only.

FIG. 3. Intraoperative imaging of a 72-year-old woman with a right post-
central glioblastoma using white-light microscopy (A), BLUE 400 (B), 
and YB 475 (C and D). Light intensity was 100% and working distance 
approximately 25 cm. Panel C demonstrates a brighter background and 
a red/orange fluorescence. Panel D shows a brighter background and 
the extent of fluorescence that is perceived with more background illumi-
nation. Figure is available in color online only.
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intraoperative background image and excellent delinea-
tion of cortical vessels. This technique assessment demon-
strates that a filter combination could be devised that can 
be integrated into a standard neurosurgical microscope.

Even though the optical images acquired through the 
microscopes, as visually perceived, are of high quality, we 
previously demonstrated that the quality of the intraop-
eratively acquired images differs immensely compared to 
what is perceived by the human eye while looking through 
the surgeon’s ocular.40 Therefore, available imaging and 
video material in this paper is limited to the existing docu-
mentation and is unfortunately poor compared to the opti-
cal perception.

Outlooks
There is a strong time dependency of fluorescein-de-

rived background enhancement. Fluorescein is eliminated 
with a half-life of 264 minutes.26 In our first assessment, 
we chose to apply fluorescein as previously described, i.e., 
3 mg/kg body weight administered during induction of 
anesthesia.1 Because applying fluorescein does not have 
issues related to tumor selectivity, when used as a back-
ground marker, different doses administered at different 
time points or re-administration (such as when concen-
trations become too low) should also be considered. Care 
must be taken to keep fluorescein concentrations low, how-
ever. We have found higher doses23 or a later application25 
to greatly confound image interpretation due to high intra-
vascular and thus intraparenchymal fluorescein concentra-
tions. Furthermore, leakage of fluorescein with blood and 
contamination of the brain and the surgical cavity could 
also contribute to this.23 For this reason, we have adapted 
the protocol suggested by Acerbi et al.,1,3 administering 
low doses of fluorescein with induction of anesthesia. In 
contrast, PPIX fluorescence, which is synthesized within 
tumor cells, reaches a maximum concentration 6–8 hours 
after oral administration and maintains a strong contrast 
up to 12 hours after 5-ALA administration.31

Finally, using both fluorophores will provide informa-
tion on tumor cells and their capacity to accumulate PPIX, 
as well as on blood-brain barrier integrity, edema distribu-
tion, and propagation from fluorescein fluorescence. Thus, 
using these technologies in conjunction will effectively al-
low intraoperative discrimination of necrosis, solidly pro-
liferating tumor, and infiltrating tumor down to a tumor 
cell density of about 10%,35 as well as the zone of peritu-
moral edema. Furthermore, reducing the need for white 
light illumination during resection will minimize the risk 
for fluorophores to bleach, which is one of the limitations 
of 5-ALA. The technique thus provides a platform for in-
teresting scientific questions involving selective biopsies 
from these areas, as previously described for 5-ALA–in-
duced porphyrins for discriminating infiltrating tumor.18

A randomized study directly comparing surgical times 
using either method (BLUE 400 vs YB475) is presently in 
the planning phase in which operating times under fluo-
rescence and white light as well as the overall duration of 
surgery will be measured.

Limitations
Studies for unequivocally determining advantages of 

the dual-labeling technique are pending and are construct-
ed around surrogate indicators of a benefit, e.g., the du-
ration of surgery and possibly completeness of resection; 
however, we do not believe it necessary to demonstrate 
advantages in terms of survival. Because this is a tool, any 
results of resection will depend more strongly on the sur-
geon and his usage of an adjunct, rather than on the adjunct 
itself.

Moreover, fluorescein is still off-label in the setting 
of malignant glioma surgery. Hence, at least in Europe, 
it is difficult to apply this compound in a larger context. 
Furthermore, this was an observational study and no his-
tological examination of acquired tissue under the new 
filter system was conducted. The quality of images was 
restricted to available video technology, which is greatly 
inferior to the optical perception and poses challenges for 
demonstrating versatility in a publication. Notwithstand-
ing, we believe this to have demonstrated the principle 
perception that a new visualization tool for PPIX fluores-
cence could enhance our surgical experience in malignant 
glioma surgery.

Conclusions
The dual-labeling technique with a new filter moiety, 

the YB 475 filter construct, appears to be a promising ap-
proach to improve visualization for FGS with ALA. Under 
fluorescence light, the cortex and vessels were well visual-
ized, and discrimination of deep structures was enhanced. 
Effort should now be made to approve fluorescein for neu-
rosurgery as a marker of blood-brain barrier breakdown. 
Its off-label status still impairs its general use in neuro-
surgery, with separate informed consent being necessary 
with every single use.
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