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Abstract

Gliomas are the most common brain tumor in adults, with a poor prognosis despite intensive
treatments. Complete surgical resection is difficult due to its infiltrative growth, but aggressive
surgery improves outcomes. Fluorescence-guided surgery (FGS) is used to distinguish tumor
tissue during surgery. 5-Aminolevulinic Acid (5-ALA) is a crucial fluorescent agent in FGS,
transforming into a molecule that accumulates in tumor cells. We presented a 34-year-old
female with a high-grade glioma in the left parietal lobe who underwent fluorescence-guided
tumor resection using 5-ALA was reported. In addition, a review of the literature on
fluorescence in glioma surgery, searching databases like PubMed and SCOPUS from 2021 to
2023, was performed. Fifteen papers were included in our review. This technique ensured
gross-total tumor resection while preserving neurological function. FGS improves tumor
identification, surgical outcomes, and survival.
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1. Introduction

Glioma is the most prevalent primary brain tumor in adults. High-grade gliomas have a dismal
prognosis despite the current intensive treatment strategies [1, 2] and usually recur as they grow in
an infiltrative manner that makes complete surgical resection difficult [3, 4]. Furthermore, adjuvant
therapy, i.e., radiation therapy and chemotherapy, have limited effect. Gross-total tumor resection
has been associated with a better prognosis for malignant gliomas [5-8]. In addition, senior and frail
individuals are excluded from surgical consideration in some cancer centers [9]. To maximize the
safe resection of tumors, fluorescence-guided surgery (FGS) has become a widely employed
technique to identify the presence of tumor tissue intraoperatively [10-12]. FGS represents a pivotal
turning point in the field of neurosurgery. The utility of fluorescent agents, particularly 5-
aminolevulinic acid (5-ALA), has been established as a standard for enhancing the visual
discrimination between tumors and healthy brain tissue during surgery [13, 14]. Fluorescein is
another fluorophore that gained attention after introducing a dedicated filter for its visualization
[14]. This fluorophore is, however, non-specific and can extravasate into the peritumoral edema
[15].

5-ALA, which is most intensively studied in FGS for malignant brain tumors [14, 15], is one of the
amino acids and a natural precursor in heme biosynthesis and, hence, is notably safe [16]. When 5-
ALA is administered orally, it gets metabolized into the fluorescent molecule Protoporphyrin IX (PpIX)
that accumulates specifically in tumor cells by various mechanisms, including a lack of enzymes that
convert PplIX to heme and decreased activity of transporters [17-20]. In addition, 5-ALA is known to
cross the blood-brain barrier (BBB) [21]. 5-ALA-induced fluorescence in brain tumors correlates with
the malignancy of the tumor cells [22] and has >85% sensitivity and specificity [23]. Consequently,
FGS with 5-ALA has been approved in many countries, enhancing the gross-total GBM tumor
resection [24]. Studies have demonstrated that FGS can increase the extent of resection, an
essential factor that improves survival and quality of life in glioma patients [14-16, 24, 25]. However,
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the nuances of fluorescence application, interpretation, and potential complications remain areas
of ongoing research and discussion.

In this article, we discuss a case of high-grade glioma where FGS was employed, highlighting its
pivotal role in achieving gross-total safe resection. This case provides a practical, nuanced
perspective on the theory and application of fluorescent agents. It offers insights into decision-
making, potential challenges, and the overall impact on surgical outcomes. Complementing the case
report, the article ventures into a comprehensive literature review, collating scientific research on
fluorescence guidance in glioma surgery. This literature review will explore fluorescence-guided
glioma surgery's advantages, limitations, and future. By offering a practical case study and
synthesizing extensive research, this paper presents an encompassing perspective on fluorescence-
guided glioma surgery, thereby advancing the understanding of this promising technique.

2. Case Report
2.1 Patient Presentation

A 34-year-old female presented to our neurosurgery department with a seven-month history of
progressively worsening headaches. The patient described episodes of blurred vision and occasional
"floating spots" in the visual field. The patient complained of intermittent numbness and tingling in
the right side of the body. Her symptoms had gradually increased in severity, with a noticeable
impact on her quality of life, compelling her to seek medical intervention. Written informed consent
was obtained from the patient to publish this paper.

2.2 Medical History and Preliminary Evaluation

The patient's medical history was noncontributory, with no significant prior ilinesses or familial
history of malignancies. A comprehensive neurological examination was conducted. The patient
exhibited right hemiparesis with a strength grade of 4/5. There was intermittent difficulty in speech,
characterized by occasional word-finding difficulties. Cranial nerve examination was largely intact,
except for a mild papilledema noted on fundoscopic examination. Sensory examination revealed
decreased sensation to light touch and pinprick on the right side of the body. Deep tendon reflexes
were brisk on the right side compared to the left. Coordination tests, including finger-to-nose and
heel-to-shin, were standard. Gait assessment showed a mild dragging of the right foot.

2.3 Neuroimaging Findings

Magnetic Resonance Imaging (MRI) of the brain was performed, which revealed a large, non-
homogenous mass in the left parietal lobe suggestive of high-grade glioma (Figure 1). The tumor
was predominantly located in the postcentral gyrus, extending into the precentral gyrus, explaining
the patient's clinical manifestation of motor and speech difficulties.
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Figure 1 Sagittal (A) and coronal (B) T1-weighted MRI images show a hypointense area
in the left parieto-occipital lobe that appears as a hypointense lesion compared to the
surrounding normal brain tissue.

2.4 Surgical Planning and Intraoperative Findings

Given the diagnosis, the patient was scheduled for a fluorescence-guided tumor resection. After
extensive discussion with the patient and family, informed consent for surgical intervention was
obtained. Using the 5-ALA agent, a clear distinction between the tumor and healthy brain tissue was
visualized, as the tumor tissue emitted a bright red/pink fluorescence under blue light excitation.
During the surgery, the fluorescence-guided technique proved invaluable in delineating the tumor
margins and guiding the extent of resection (Figure 2). Additionally, fluorescence imaging facilitated
the identification of smaller tumor strands infiltrating the surrounding brain tissue, which would
otherwise be challenging to depict. Despite the tumor's infiltration into eloquent brain areas, gross-
total tumor resection was achieved, maintaining the patient's neurological function to the highest
possible extent.

Figure 2 (A-B) showcases the striking purple fluorescence from 5-ALA. (C) Striking purple
fluorescence from 5-ALA delineates the tumor boundaries against the pink hue of the
surrounding healthy brain tissue, aiding in meticulous glioma resection. (D) It shows the
brain tissue with a consistent color without 5-ALA, making it difficult to differentiate the
glioma from the surrounding healthy tissue.
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2.5 Histopathology and Postoperative Course

Postoperative CT scans show no sign of postoperative bleeding or other acute complications
(Figure 3). Histopathological examination confirmed the clinical diagnosis of glioblastoma (WHO
grade 4). She was subsequently enrolled in a comprehensive oncology program for further
treatment, which included radiotherapy and chemotherapy. This case underscores the pivotal role
of FGS in achieving maximal safe resection of gliomas and highlights the potential for improved
outcomes when this innovative approach is adopted. In the following sections, we delve into an
exhaustive review of the literature on this topic, aiming to validate further and understand the
benefits and limitations of fluorescence in glioma surgery.

Figure 3 Postoperative axial (A), coronal (B), and sagittal (C) brain CT scan shows no sign
of postoperative bleeding or any other acute complications.

3. Literature Review
3.1 Search Strategy

This literature review aimed to synthesize the current knowledge on fluorescence in glioma
surgery. We comprehensively searched several databases, including PubMed and SCOPUS, from
2021 to November 2023. We used a combination of keywords and Medical Subject Heading (MeSH)
terms related to 'glioma’, 'fluorescence-guided surgery', '5-aminolevulinic acid (5-ALA)', 'extent of
resection’, 'survival', 'quality of life' and ‘complications’. Our search strategy was tailored to each
database to ensure the capture of all relevant studies.

3.2 Study Selection

The studies selected for review reported fluorescence-guidance use in glioma surgery, regardless
of the tumor grade or the type of fluorescent agent used. We included prospective and retrospective
studies, clinical trials, meta-analyses, and systematic reviews. We excluded studies not written in
English, case reports, letters to the editor, and commentaries. The titles and abstracts of the
identified articles were screened for relevance, after which the full text of potential articles was
reviewed.
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3.3 Data Extraction

Two independent reviewers (E.G. and R.N.) extracted data from the selected studies using a
predefined template, whereas a third author (N.M.) solved any conflicts. Extracted data included
author(s), year of publication, study design, sample size, type of fluorescent agent used, tumor
grade, extent of resection, survival rates, quality of life measures, and complications.

3.4 Quality Assessment and Data Synthesis

The quality of the included studies was assessed using appropriate tools based on the study
design. The Cochrane Risk of Bias Tool was used for randomized controlled trials, whereas the
Newcastle-Ottawa Scale was utilized for observational studies. We used a narrative synthesis
approach to analyze and present the findings due to the anticipated heterogeneity in the included
studies. The results are organized by the Study, Year, Study Design, type of fluorescent agent, tumor
grade, Sample Size, and Major Findings. This rigorous method ensured that our review was
comprehensive, transparent, and reproducible, thereby accurately reflecting the current knowledge
on FGS in gliomas.

3.5 Extent of Resection and Survival Benefits

869 previously published studies were screened, 382 duplicated studies were excluded, and 487
records screened were further evaluated. Fifteen papers [16, 20, 26-38] met the inclusion criteria
and were included in our systematic review (Table 1). 3. All tumors reported are primary tumors.
Our literature search concluded in November 2023. Several studies using 5-ALA have highlighted
the increased extent of resection in high-grade [16, 28, 29, 32, 33, 36] and low-grade gliomas [27,
36]. Rynda et al. [29] demonstrated an increase in the median overall survival of 6.2 months in
patients undergoing 5-ALA-guided resection, while Sun et al. [33] observed longer 6-month
progression-free survival for patients undergoing 5-ALA resection. These findings demonstrate that
maximizing resection, in this case with fluorescence-guided resection, translates into meaningful
survival benefits.
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Table 1 Study included in our systematic review.

Study, Year Study Design Sample Size Type of Fluorescent Agent Tumor Grade Major Findings
Watts et al. Prospective 106 S ALA High-grade 5-ALA has clinical utility as an intraoperative
[16], 2023 multicenter study (3,4) surgical biomarker of high-grade gliomas
Noble et al. . Fluorescence lifetime High-grade Film as an intraoperative tool for surgical
Prospective study 12 . . .
[26], 2023 imaging (3, 4) guidance
Maedaetal. Norandomized 14 S ALA High-grade The resection helped determine the extent of the
[27], 2023 controlled (3,4) excision
The most substantial fluorescence grou
Shimizu et al. Randomized High-grade o ) group
. 32 5-ALA exhibited the highest mean values of MET-PET
[28], 2022 controlled Trial (3,4) .
uptake and Ki-67 index
Multicenter
Rynda et al. prospective 50 S ALA High-grade Glioma resection showed an increased median
[29], 2022 randomized clinical (3,4) overall survival of 6.2 months
trials
No randomized
Cao et al. . . High-grade Multispectral images showed the arteries feeding
a controlled study 10 NIR-lla/llb imaging
[20], 2022 (3, 4) the tumor
was conducted
It has high sensitivity, and the resection rate
Shi et al. [30], Randomized High-grade . & ) y . .
. . 40 NIR-II FGS improves without damaging neurological
2022 control clinical trial (3, 4) i
functions
Mither etal. Norandomized 1 S ALA High-grade Intraoperative fluorescence can serve as a
[31], 2022 controlled (3,4) prognostic marker
Zeppa et al. Retrospective 99 c ALA High-grade 5-Ala and SF are equally helpful in achieving a
[32], 2022 analysis (4) total resection
Sun et al. Randomized 10 S ALA High-grade Longer 6-month progression-free survival for
[33], 2021 controlled trial (3,4) patients undergoing 5-ALA resection
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Chen et al. Retrospective 10 Claudin-s High-grade Claudin-5 may be related to the development of
[34], 2021 analysis (3,4) yellow fluorescence
Maragkos et  Randomized 16 S ALA High-grade 5-ALA-guided resection of HGG can be safely
al. [35], 2021 controlled trial (3,4) performed more than 4 h after administration
. More extensive resection and there is strong
Stummer et Retrospective Low-grade . . .
) 59 5-ALA evidence that complete resection of LGG is
al. [36],2021 analysis (1,2) . )
crucial to improve OS

Muther etal. Prospective 198 S ALA High-grade 6 studies of patients treated with FGR using 5-
[37], 2020 sampling study (3,4) ALA were included

. . . The performance of Raman spectroscopy was
Livermore et - Retrospective 62 5-ALA High-grade significantly better than the predictive value of 5
al. [38],2020  analysis 2, 3) & Y P

ALA-induced fluorescence
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3.6 Alternative Approaches and Novel Agents

While 5-ALA is the most commonly studied agent, research has also been conducted on
Fluorescence lifetime imaging [16], NIR-1l FGS [30], and Claudin-5 [34]. Livermore et al. [38] reported
that Raman spectroscopy performed significantly better than 5-ALA-induced fluorescence. These
findings highlight the potential for innovative approaches and novel agents to further optimize the
utilization of fluorescence in glioma surgery. The study by Shi et al. [30] emphasized high sensitivity
and improved resection rates without damaging neurological functions, highlighting the safety and
efficiency of NIR-III FGS.

3.7 Prognostic Value and Timing

Studies such as those by Shimizu et al. [28] and Miither et al. [37] suggest that fluorescence could
serve as a prognostic marker relating to MET- and 18F-FET-PET uptake and Ki-67 index or even as a
broader prognostic indicator. Maragkos et al. [35] demonstrated flexibility in timing, showing that
5-ALA-guided resection can be safely performed more than 4 hours after administration. Zeppa et
al. [32] noted that 5-ALA and SF were equally valuable in achieving total resection, which may offer
surgeons more options in terms of fluorescent agents.

4. Discussion

The present article provides an in-depth examination of the use of FGS in treating glioma,
accompanied by a real-world case highlighting its practical application. Through a comprehensive
literature review, we have synthesized the current body of knowledge in this rapidly evolving field.
As widely described, 5-ALA is a non-fluorescent prodrug, first absorbed by tumoral cells and then
converted into a fluorescent protoporphyrin IX (PplX). As a photosensitizer, PplX is excited when
placed under violet-blue light (370-440 nm) emitted by a specific filter added to the surgical
microscope; tumor cells return red light in visible spectrum frequencies accordingly. To proceed
with proper 5-ALA assessment, a second ultraviolet filter is added to the optical microscope lens
[39]. Intraoperative visualization under a blue filter is generally dark, while a "lava red" appearance
characterizes the tumor. Simultaneous visualization of fluorescence and anatomy is more accessible
at the most superficial resection stages. In the deepest stages, where illumination is poor and the
surgical cavity's edges further reduce illumination, anatomy is hardly distinguishable: vessels, brain
parenchyma, nerves, and even dura can be transient [40, 41]. The increased extent of resection
made possible by fluorescence-guided techniques, especially using 5-ALA, has been validated across
multiple studies, reinforcing its critical role in maximizing tumor resection without compromising
healthy brain tissue [42]. This translates into tangible survival and quality of life benefits, as seen in
our patients and supported by the literature [16, 30, 32, 37, 43-45]. 5-ALA-guided resection can
involve two phases continuously alternating during surgery: a blue filter should be used for
identification since it has a low resolution. In contrast, white light should be used for proper
resection. The microscope setting is paramount: under a blue filter, maximal resolution occurs when
the focal distance is adequate (generally below 350 mm) and at lower magnification (below 4x or
more), as higher zoom results in suboptimal light conditions. The continuous switching between
blue and white light to visualize fluoresce and anatomy could be summed up as: "check under blue
and resect under white." Such a paradigm is true, especially when approaching subarachnoid spaces
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or the skull base, where the risk of damage to vascular or nervous structures is more relevant [46].
Nevertheless, resection under blue light can still be performed for most surgery, where these risks
are negligible. Golub and colleagues [47] reported that intraoperative MRI and 5-ALA were superior
to conventional navigation in achieving gross total resection in their meta-analysis, including 11
studies. In contrast, no significant difference in gross total resection was found between the two
intraoperative MRl and 5-ALA [48, 49].

Second-generation devices, such as exoscopes and head-mounted displays for augmented reality,
are improving 5-ALA-induced fluorescence visualization [50-52]. Fluorescence is captured under a
blue filter, transferred via digital video chip technology, and processed and projected via an
optimized data transfer link on high-resolution monitors [41]. While 5-ALA remains the gold
standard, emerging research on alternative agents and approaches, such as Raman spectroscopy
histology devices and near-infrared spectroscopy (NIR) imaging, opens exciting avenues for
innovation. Although malignant glioma surgery guided by 5-ALA fluorescence entails a moderate
increase in hospital costs compared to current surgical practice and can be considered a cost-
effective innovation [53], these techniques' sensitivity and safety profiles are encouraging, but
further research and clinical validation are needed to translate them into mainstream clinical
practice [39].

4.1 Experience with FGS

In our case, a patient with a high-grade glioma in the left parietal lobe underwent FGS, where
critical motor and speech functions are situated. Using 5-ALA facilitated the gross-total resection of
the tumor with minimal compromise to the patient's neurological status. This approach
substantially improved the patient's quality of life and long-term functional outcomes [34].

4.2 Strengths and Limitations

While the results are promising, several challenges and limitations must be acknowledged.
Factors such as the type of glioma, its location, and the surgeon's experience with fluorescence-
guided techniques may impact the outcomes. Furthermore, the availability of advanced
fluorescence-guided technology in various healthcare settings might limit its widespread use.
Moreover, this study covers a short period (2021 to 2023) and, therefore, cannot represent the
entire literature on the topic. More randomized controlled trials and standardized protocols are
needed to grasp this technique's potential and limitations fully [54]. Our patient outcome may
resonate with other practitioners and researchers as an example of FGS's real-world applicability
and effectiveness. Such experiences further the understanding of innovative surgical techniques,
paving the way for enhanced patient care in neuro-oncology.

4.3 Future Directions

The future of fluorescence-guided glioma surgery seems bright, with ongoing research focusing
on optimizing the visualization technique with new optimized filter systems being built, integrating
hyper- and multispectral imaging, and exploring new fluorescent agents [55]. The evolving
understanding of tumor biology may lead to the development of specific markers that could be
targeted with fluorescence, further personalizing the surgical approach to individual patients.
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5. Conclusions

This case highlights the transformative impact of FGS in neurosurgery. The success of the 34-
year-old patient reinforces the benefits of FGS in treating gliomas. FGS offers precise tumor margin
identification, improving surgical outcomes and patient survival rates. While FGS presents
significant advancements, especially with emerging fluorescent agents and imaging techniques,
challenges like study inconsistencies and small sample sizes persist. Standardized protocols and
more extensive trials are needed. Combining FGS with other technologies and molecular profiling
could lead to tailored surgical approaches, balancing precision with patient safety and long-term
results.

Author Contributions

Conceptualization: M.D.J.E.R,, J.L., E.5S.M. and N.M.; methodology: M.D.J.E.R. and N.M.; formal
analysis: N.K., S.K., K.I.Y. and N.M.; investigation: M.D.J.E.R., G.C., G.V.C. and N.M.; data curation:
M.D.J.E.R., R.N., A.R.R. and N.M.; writing—original draft preparation: M.D.J.E.R. and N.M.; writing—
review and editing: N.M.

Funding

This research received no external funding.
Competing Interests

The authors have declared that no competing interests exist.
References

1. Stupp R, Mason WP, Van Den Bent MJ, Weller M, Fisher B, Taphoorn MJ, et al. Radiotherapy
plus concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med. 2005; 352: 987-
996.

2. Wen PY, Weller M, Lee EQ, Alexander BM, Barnholtz-Sloan JS, Barthel FP, et al. Glioblastoma in
adults: A society for neuro-oncology (SNO) and European society of neuro-oncology (EANO)
consensus review on current management and future directions. Neuro Oncol. 2020; 22: 1073-
1113.

3. Morelli M, Lessi F, Barachini S, Liotti R, Montemurro N, Perrini P, et al. Metabolic-imaging of
human glioblastoma live tumors: A new precision-medicine approach to predict tumor
treatment response early. Front Oncol. 2022; 12: 969812.

4. Beylerli O, Encarnacion Ramirez MD, Shumadalova A, llyasova T, Zemlyanskiy M, Beilerli A, et
al. Cell-free miRNAs as non-invasive biomarkers in brain tumors. Diagnostics. 2023; 13: 2888.

5. Domino JS, Ormond DR, Germano IM, Sami M, Ryken TC, Olson JJ. Cytoreductive surgery in the
management of newly diagnosed glioblastoma in adults: A systematic review and evidence-
based clinical practice guideline update. J Neurooncol. 2020; 150: 121-142.

6. Pasqualetti F, Montemurro N, Desideri I, Loi M, Giannini N, Gadducci G, et al. Impact of
recurrence pattern in patients undergoing a second surgery for recurrent glioblastoma. Acta
Neurol Belg. 2022; 122: 441-446.

Page 11/15



OBM Neurobiology 2024; 8(3), doi:10.21926/obm.neurobiol.2403244

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sanai N, Berger MS. Glioma extent of resection and its impact on patient outcome.
Neurosurgery. 2008; 62: 753-766.

Montemurro N, Fanelli GN, Scatena C, Ortenzi V, Pasqualetti F, Mazzanti CM, et al. Surgical
outcome and molecular pattern characterization of recurrent glioblastoma multiforme: A
single-center retrospective series. Clin Neurol Neurosurg. 2021; 207: 106735.

Pasqualetti F, Barberis A, Zanotti S, Montemurro N, De Salvo GL, Soffietti R, et al. The impact of
survivorship bias in glioblastoma research. Crit Rev Oncol Hematol. 2023; 188: 104065.

Belykh E, Martirosyan NL, Yagmurlu K, Miller EJ, Eschbacher JM, Izadyyazdanabadi M, et al.
Intraoperative fluorescence imaging for personalized brain tumor resection: Current state and
future directions. Front Surg. 2016; 3: 55.

Ewelt C, Nemes A, Senner V, Wolfer J, Brokinkel B, Stummer W, et al. Fluorescence in
neurosurgery: Its diagnostic and therapeutic use. Review of the literature. J Photochem
Photobiol B. 2015; 148: 302-309.

Behbahaninia M, Martirosyan NL, Georges J, Udovich JA, Kalani MY, Feuerstein BG, et al.
Intraoperative fluorescent imaging of intracranial tumors: A review. Clin Neurol Neurosurg.
2013; 115: 517-528.

Montemurro N, Pahwa B, Tayal A, Shukla A, De Jesus Encarnacion M, Ramirez I, et al.
Macrophages in recurrent glioblastoma as a prognostic factor in the synergistic system of the
tumor microenvironment. Neurol Int. 2023; 15: 595-608.

Stummer W, Stocker S, Wagner S, Stepp H, Fritsch C, Goetz C, et al. Intraoperative detection of
malignant gliomas by 5-aminolevulinic acid-induced porphyrin fluorescence. Neurosurgery.
1998; 42: 518-526.

Zhao S, Wu J, Wang C, Liu H, Dong X, Shi C, et al. Intraoperative fluorescence-guided resection
of high-grade malignant gliomas using 5-aminolevulinic acid-induced porphyrins: A systematic
review and meta-analysis of prospective studies. PLoS One. 2013; 8: e63682.

Watts C, Dayimu A, Matys T, Ashkan K, Price S, Jenkinson MD, et al. Refining the intraoperative
identification of suspected high-grade glioma using a surgical fluorescence biomarker: GALA
BIDD study report. J Pers Med. 2023; 13: 514.

Yoshioka E, Chelakkot VS, Licursi M, Rutihinda SG, Som J, Derwish L, et al. Enhancement of
cancer-specific protoporphyrin IX fluorescence by targeting oncogenic Ras/MEK pathway.
Theranostics. 2018; 8: 2134-2146.

Ma R, Watts C. Selective 5-aminolevulinic acid-induced protoporphyrin IX fluorescence in
Gliomas. Acta Neurochir. 2016; 158: 1935-1941.

Hadjipanayis CG, Stummer W. 5-ALA and FDA approval for glioma surgery. J Neurooncol. 2019;
141: 479-486.

Cao C, Jin Z, Shi X, Zhang Z, Xiao A, Yang J, et al. First clinical investigation of near-infrared
window lla/llb fluorescence imaging for precise surgical resection of gliomas. IEEE Trans Biomed
Eng. 2022; 69: 2404-2413.

Ennis SR, Novotny A, Xiang J, Shakui P, Masada T, Stummer W, et al. Transport of 5-
aminolevulinic acid between blood and brain. Brain Res. 2003; 959: 226-234.

Valdes PA, Kim A, Brantsch M, Niu C, Moses ZB, Tosteson TD, et al. 6-aminolevulinic acid-
induced protoporphyrin IX concentration correlates with histopathologic markers of
malignancy in human gliomas: The need for quantitative fluorescence-guided resection to
identify regions of increasing malignancy. Neuro Oncol. 2011; 13: 846-856.

Page 12/15



OBM Neurobiology 2024; 8(3), doi:10.21926/obm.neurobiol.2403244

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ferraro N, Barbarite E, Albert TR, Berchmans E, Shah AH, Bregy A, et al. The role of 5-
aminolevulinic acid in brain tumor surgery: A systematic review. Neurosurg Rev. 2016; 39: 545-
555.

Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen HJ. Fluorescence-guided
surgery with 5-aminolevulinic acid for resection of malignant glioma: A randomised controlled
multicentre phase lll trial. Lancet Oncol. 2006; 7: 392-401.

Pasqualetti F, Giampietro C, Montemurro N, Giannini N, Gadducci G, Orlandi P, et al. Old and
new systemic immune-inflammation indexes are associated with overall survival of
glioblastoma patients treated with radio-chemotherapy. Genes. 2022; 13: 1054.

Noble Anbunesan S, Alfonso-Garcia A, Zhou X, Bec J, Lee HS, Jin LW, et al. Intraoperative
detection of IDH-mutant glioma using fluorescence lifetime imaging. J Biophotonics. 2023; 16:
€202200291.

Maeda M, Nonaka M, Naito N, Ueno K, Kamei T, Asai A. 5-ALA fluorescence-guided resection of
pediatric low-grade glioma using the ORBEYE 3D digital exoscope: A technical report. Childs
Nerv Syst. 2023; 39: 1061-1064.

Shimizu K, Tamura K, Hara S, Inaji M, Tanaka Y, Kobayashi D, et al. Correlation of intraoperative
5-ALA-induced fluorescence intensity and preoperative 11C-methionine PET uptake in Glioma
surgery. Cancers. 2022; 14: 1449.

Rynda AY, Olyushin VE, Rostovtsev DM, Zabrodskaya YM, Papayan GV. Sravnitel'nyi analiz
fluorestsentnoi navi-gatsii v khirurgii zlokachestvennykh gliom s ispol'zovaniem 5-ALA i khlorina
E6 [Comparative analysis of 5-ALA and chlorin E6 fluorescence-guided navigation in malignant
glioma surgery]. Khirurgiia. 2022; 1: 5-14.

Shi X, Zhang Z, Zhang Z, Cao C, Cheng Z, Hu Z, et al. Near-infrared window Il fluorescence image-
guided surgery of high-grade gliomas prolongs the progression-free survival of patients. IEEE
Trans Biomed Eng. 2021; 69: 1889-1900.

Muther M, Stummer W. Ependymal fluorescence in fluorescence-guided resection of malignant
glioma: A systematic review. Acta Neurochir. 2020; 162: 365-372.

Zeppa P, De Marco R, Monticelli M, Massara A, Bianconi A, Di Perna G, et al. Fluorescence-
guided surgery in glioblastoma: 5-ALA, SF or both? Differences between fluorescent dyes in 99
consecutive cases. Brain Sci. 2022; 12: 555.

Sun R, Cuthbert H, Watts C. Fluorescence-guided surgery in the surgical treatment of gliomas:
Past, present and future. Cancers. 2021; 13: 3508.

Chen ZB, Zhu XP, Zheng W, Xiang Y, Huang YK, Fang HJ, et al. Relationship between the sodium
fluorescein yellow fluorescence boundary and the actual boundary of high-grade gliomas
during surgical resection. Br J Neurosurg. 2021; 38: 825-832.

Maragkos GA, Schiipper AJ, Lakomkin N, Sideras P, Price G, Baron R, et al. Fluorescence-guided
high-grade glioma surgery more than four hours after 5-aminolevulinic acid administration.
Front Neurol. 2021; 12: 644804.

Stummer W, Thomas C. Comment on Hosmann et al. 5-ALA fluorescence is a powerful
prognostic marker during surgery of low-grade gliomas (WHO grade ll)-experience at two
specialized centers. Cancers 2021, 13, 2540. Cancers. 2021; 13: 5634.

Mither M, Stummer W. 5-ALA fluorescence in indeterminate grade gliomas. Neurosurg Focus
Video. 2022; 6: V6.

Page 13/15



OBM Neurobiology 2024; 8(3), doi:10.21926/obm.neurobiol.2403244

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

Livermore LJ, Isabelle M, Bell IM, Edgar O, Voets NL, Stacey R, et al. Raman spectroscopy to
differentiate between fresh tissue samples of glioma and normal brain: A comparison with 5-
ALA-induced fluorescence-guided surgery. ] Neurosurg. 2020; 135: 469-479.

Eatz TA, Eichberg DG, Lu VM, Di L, Komotar RJ, lvan ME. Intraoperative 5-ALA fluorescence-
guided resection of high-grade glioma leads to greater extent of resection with better outcomes:
A systematic review. J Neurooncol. 2022; 156: 233-256.

Stepp H, Stummer W. 5-ALA in the management of malignant glioma. Lasers Surg Med. 2018;
50: 399-419.

Wei L, Roberts DW, Sanai N, Liu JT. Visualization technologies for 5-ALA-based fluorescence-
guided surgeries. ] Neurooncol. 2019; 141: 495-505.

Hadjipanayis CG, Stummer W, Sheehan JP. 5-ALA fluorescence-guided surgery of CNS tumors. J
Neurooncol. 2019; 141: 477-478.

Dellaretti M, de Melo MT, de Lima FB, Guazzelli S, Costa BB, Pereira PD, et al. Fluorescein-guided
surgery for malignant gliomas. World Neurosurg. 2023; 174: 62.

de Laurentis C, Beuriat PA, Bteich F, Mottolese C, Szathmari A, Vinchon M, et al. Pediatric low-
grade glioma surgery with sodium fluorescein: Efficient localization for removal and association
with intraoperative pathological sampling. Diagnostics. 2022; 12: 2927.

Schupper AJ, Rao M, Mohammadi N, Baron R, Lee JY, Acerbi F, et al. Fluorescence-guided
surgery: A review on timing and use in brain tumor surgery. Front Neurol. 2021; 12: 682151.
Della Pepa GM, Menna G, Olivi A. Technical pearls to effectively use 5-ALA in fluorescence-
guided tumor resection-5 lessons from the operating room. Brain Sci. 2023; 13: 411.

Golub D, Hyde J, Dogra S, Nicholson J, Kirkwood KA, Gohel P, et al. Intraoperative MRI versus 5-
ALA in high-grade glioma resection: A network meta-analysis. J Neurosurg. 2020; 134: 484-498.
Roder C, Stummer W, Coburger J, Scherer M, Haas P, von der Brelie C, et al. Intraoperative MRI-
guided resection is not superior to 5-aminolevulinic acid guidance in newly diagnosed
glioblastoma: A prospective controlled multicenter clinical trial. J Clin Oncol. 2023; 41: 5512-
5523.

Berger MS. Use of 5-aminolevulinic acid helps see the way beyond MRI. Neurosurg Focus. 2014;
36: E4.

Ramirez MD, Peralta |, Ramirez |, Dauly V, Mainer G, Nurmukhametov R, et al. Development of
a novel low-cost exoscope to expand access to microneurosurgical care in low-and middle-
income countries. World Neurosurg. 2022; 163: 5-10.

Aguino AA, Ramirez MD, Bozkurt |, Gonzalez JA, Goncharov E, Caballero AD, et al. Treatment of
intracranial tumors with stereotactic radiosurgery: Short-term results from Cuba. Cureus. 2022;
14: e29955.

Montemurro N, Condino S, Carbone M, Cattari N, D’Amato R, Cutolo F, et al. Brain tumor and
augmented reality: New technologies for the future. Int J Environ Res Public Health. 2022; 19:
6347.

Slof J, Valle RD, Galvan J. Cost-effectiveness of 5-aminolevulinic acid-induced fluorescence in
malignant glioma surgery. Neurologia. 2015; 30: 163-168.

Ahrens LC, Krabbenhgft MG, Hansen RW, Mikic N, Pedersen CB, Poulsen FR, et al. Effect of 5-
aminolevulinic acid and sodium fluorescein on the extent of resection in high-grade gliomas and
brain metastasis. Cancers. 2022; 14: 617.

Page 14/15



OBM Neurobiology 2024; 8(3), doi:10.21926/obm.neurobiol.2403244

55. Suero Molina E, Stogbauer L, Jeibmann A, Warneke N, Stummer W. Validating a new generation
filter system for visualizing 5-ALA-induced PplIX fluorescence in malignant glioma surgery: A
proof of principle study. Acta Neurochir. 2020; 162: 785-793.

Page 15/15



