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Abstract

Purpose Brain metastases (BM) often leave residual tumors despite having visible margins, which increases the risk of
local tumor recurrence and can impact overall patient survival rates. Fluorescence-guided surgery (FGS) utilizing sodium
fluorescein (FL) has been reported as an effective technique in recent studies. This study aimed to evaluate the efficacy of
FL FGS in improving the extent of resection of brain metastases and its impact on overall survival.

Methods We conducted a systematic search following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses. Our primary focus was on gross total resection (GTR). Additionally, we extracted survival data and evaluated the
risk of bias using a modified version of the Joanna Briggs Institute critical appraisal tool.

Results The study comprised 970 patients with brain metastases through eight different studies. The study found that patients
who underwent FL-guided resection had a significantly higher rate of GTR (OR: 2.02, 95% CI: 1.14-3.56, p=0.0156,
12=41.5%). Additionally, the study concluded that FL-guided resection is associated with better overall survival rates (HR:
0.61, 95%CI: 0.47 0.80, p=0.0003, 12=41.5%).

Conclusion Our research suggests that the use of FL is associated with a higher rate of GTR and improved overall patient
survival. None of the studies we reviewed reported significant complications associated with the use of FL in patients.

Keywords Fluorescent Dyes - Fluorescein - Brain Neoplasms - Survival

Introduction

Brain metastases (BM) are the most prevalent form of
brain tumors, occurring at a rate five times greater than
primary brain tumors [4]. Among individuals diagnosed
with systemic cancer, the probability of developing BM
is estimated to be between 30—40% [2]. The incidence of
BM is on the rise not only due to advancements in brain
imaging methods but also as a result of progress in systemic

>4 Constantinos G. Hadjipanayis
hadjipanayiscg2 @upmc.edu

Students’ Scientific Research Center, Tehran University
of Medical Sciences, Tehran, Iran

Department of Pediatric Neurological Surgery, Children’s
Medical Center, Tehran University of Medical Sciences,
Tehran, Iran

Department of Neurosurgery, University of Pittsburgh,
Pittsburgh, PA, USA

Published online: 12 August 2024

treatments and the consequent improvement in overall
patient survival rates [29].

For an effective treatment of this condition, a multimodal
approach is highly recommended. Numerous studies have
been conducted to assess the efficacy of surgery in treating
BM. The findings have consistently demonstrated the
superiority of surgical intervention, in combination with
adjuvant radiotherapy [9, 18, 28]. Notably, this treatment
approach has proven particularly effective for patients with
a Karnofsky Performance Scale (KPS) score above 70 [24],
younger age [28], better Recursive partitioning analysis
(RPA) [14], a lower Eastern Cooperative Oncology Group
(ECOQG) score [28], tumor size diameter of less than 4 cm
[3], primary tumor control, and the possibility of complete
resection of the tumor [28]. It is worth noting that surgical
intervention not only enhances patient survival rates but also
expeditiously alleviates complications such as surrounding
mass effect that lowers intracranial pressure (ICP), lessens
steroid requirements, and helps with seizure management.
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Additionally, it aids in the diagnosis of cases where the
pathology of the lesion is unclear [8].

According to recent studies, there is a high probability of
local progression in BM, with rates of up to 50%. The most
significant risk factor for local progression is incomplete
resection of the metastasis during surgery. Various methods
have been utilized to achieve complete resection with
minimal damage to surrounding brain tissues [11]. These
methods include intraoperative ultrasound, fluorescence-
guided surgery (FGS) utilizing 5-aminolevulinic acid
(5ALA) [12], and the fluorophore sodium fluorescein (FL).
The aim of using these methods is to completely resect the
BM by achieving a gross total surgical resection (GTR)
while minimizing any damage to surrounding functional
brain. This approach is important to improving the patient's
quality of life and increasing their overall survival rates [17,
35].

FL was first used during surgery in 1948 by Moore et al.
to visualize malignant brain tumors [22]. Most recently,
its application has become increasingly widespread. FL is
known to accumulate at sites where the blood-brain barrier
(BBB) is disrupted [6]. Unlike 5-aminolevulinic acid
(5-ALA), which accumulates intracellularly, FL accumulates
in the extracellular space [6]. This provides valuable
intraoperative visualization for real-time image-guided
surgery. FL is not highly specific for all types of tumors, but
it displays a higher sensitivity than 5-ALA for BMs. FL can
be visualized under white light, but the use of an operating
microscope equipped with a dedicated filter significantly
reduces the required dosage to visualize tumor tissue. FL
is excited at 460-500 nm and emits a green fluorescent
wavelength at 540-690 nm. Its fluorescence remains visible
for up to 4 h after administration [31]. Although the use
of FL during brain tumor surgery has yet to receive FDA
approval, its implementation is gradually increasing.

At present, no systematic review or meta-analysis studies
have been conducted to assess the impact of using FL in
patients with BM. The present study aims to investigate the
effect of FL on the outcome of patients with BMs who have
undergone surgery, evaluating the GTR rate and overall
patient survival.

Method
Study design and search strategy

In December 2023, we conducted a systematic search
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to investigate the beneficial effect of FL in
cerebral metastasis resection. Our search strategy was
structured around the population, intervention, comparison,
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and outcome question format. We meticulously searched
the MEDLINE, Scopus, Web of Science databases using
the search string format provided in the Appendix. All
articles identified were subject to systematic assessment
by two independent reviewers (M.D. and M.A.D.O.),
against predetermined inclusion and exclusion criteria.
Any disagreements between these reviewers were resolved
through consultation with a third reviewer (R.Z.). Inclusion
criteria stipulated those articles had to be written in the
English language and report on GTR following brain
metastasis resection. We excluded articles with fewer than
five cases of brain metastasis. Additionally, we conducted
a thorough review to identify and exclude articles that
contained potentially duplicated patient data from the same
institutions. In cases where institutions published duplicate
studies with an increase in case numbers or extended
follow-up periods, only the most comprehensive reports were
included in the analysis. To ensure the comprehensiveness
of our search, a forward citation search was also performed
before the analysis to identify any recently published articles
and double-check the initial search results.

Data extraction

We extracted several key variables from the selected articles,
including patient demographics such as age and sex, the
presence of single or multiple metastases, and the site of the
primary tumor. GTR rate (determined by postoperative MRI)
and survival data were gathered for FL-guided and control
groups from double-arm studies for further quantitative
analysis.

Quality appraisal

To assess the quality of the studies, we used the Joanna
Briggs Institute (JBI) Critical Appraisal Tool for Cohort
Studies. This tool comprises 11 questions, of which we
adapted questions 1, 3, 4, 5 and 7 to our study. Questions
2, and 6 were not applicable due to the inclusion criteria
of our study, which included the use of fluorescence in
the outcome of surgery. Questions 8 through 11 were used
without modification. Detailed information on each question
we used and the modifications can be found in the Online
Resource 1.

Statistical analyses

A weighted random effects model was initially used to
compute the pooled odds ratio (OR) for the GTR rate in
tumors resected with or without fluorophore administration.
A mixed effects model, using the proportion of patients
with multiple metastases, supratentorial metastases, and
the number of lung and breast cancer origins, was then
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implemented to account for the effect of these factors. The
impact of FL-guided resection on overall survival was also
evaluated using the hazard ratio (HR) reported by three of
the included studies and the impact of the primary cancer
site was assessed as the percent of lung or breast metastasis
in the total cohort. HR, when not provided in the text, was
calculated from Kaplan Meier curves using the method
described by Tierney et al. [37]. All analyses were conducted
in R version 4.1.2. and using metafor package [38]. A two-
tailed p-value of <0.05 was used to determine significance.

Results
Study characteristics

A total of five case—control studies and three case series
reporting on 970 patients with brain metastases were
included (Fig. 1).

The most common primary cancer sources were lung
(37.1%), breast (15.1%), and melanoma (10.3%), followed
by colorectal, urogenital, and renal carcinomas. In 195 cases
(20%) the origin was not specified in the paper. Multiple
metastasis was reported in 36.5% of patients and 51.4% of
reported tumors were located in supra-tentorial. GTR was
achieved in 85.2% and 75.2% of FL-guided and control

groups respectively in the whole cohort. The features of the
studies included are displayed in Table 1.

GTR rate

The overall rate of GTR was 83% in the FL group and 58%
in the non-FL group, which was significantly higher in cases
with FL-guided resection (OR: 2.02, 95% CI:

1.14-3.56, p=0.0156, Fig. 2A) and was not influenced by
the number (p=0.16) or location (p=0.87) of metastases in
meta-regression analysis. However, a significant publication
bias was observed among the studies, which was estimated
using the asymmetry of the funnel plot (Fig. 2B). In
addition, sensitivity analyses showed that none of the studies
had a significant impact on the cumulative results. (Online
Resource 2).

Survival outcome

FL-guided resection of brain metastasis was associated
with significantly better overall survival (HR: 0.61, 95%CI:
0.47-0.80, p=0.0003, Fig. 3A) which didn’t differ if the
primary origin is lung (p=0.1) or breast (p=0.16) in meta-
regression analysis. No significant publication bias was
found in the analysis of hazard ratios (Fig. 3B) and none of

Fig. 1 PRISMA Flow diagram L X i i
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Table 1 General characteristics of included studies. Categorial data are presented as numbers and continuous data as mean or median

Study No. pt (FL/ Age (mean, yrs) Gender: Male Primary cancer >1BM Supra- Rate of GTR Adverse Events
non-FL) (N) tentorial
BMs
Okuda, 2010 36 59.5 47.2% Lung (17) 50% 16.7% 86.12 Yellowish skin,
Breast (9) mucosa and
Renal (3) urine for less
Colorectal (1) than 24h
Hamamcioglo, 6 53.8 50% Lung (4) 17% - 100.00 No adverse event
2016 Breast (2)
Falco, 2023 79 Median: 58 43.0% Lung (26) 7.6% 84.81% 96.20 Yellowish urine
Breast (17) lasting for less
Melanoma (11) than 24h
Colorectal (10)
U/O (15)
Xiao, 2018 38 (17/21) 55 0% Breast 0% - 94.12/ 61.90 No adverse event
Kofoed, 2021 141 (56/61) 66.6 30.5% Lung (60) 28.4%  59.6% 71.43/54.10 -
Breast (14)
Colorectal (16)
Melanoma (10)
Urogenital (12)
U/0 (5)
Kerschbaumer, 79 (44/20) 63 41.8% u/0 38% 76% 77.27/ 60.00 -
2023
Cheng, 2023 52 (23/29) 56 73.1% Lung 269%  80.8% 86.96/ 62.07 No adverse event
Schebesch, 2023 539 (246/293) 62.8 54.2% Lung (201) 455% - 85/82.9 No adverse event
Breast (67)
Renal (27)
Colorectal (44)
Melanoma (79)
Urogenital (25)
U/O (96)
BM Brain metastasis; U/O unknown or other; 4 hour
Fig.2 Publication bias and 4
funnel plot analysis of the Seudy oR I ch
studies related to GTR rate Xiao et al. 2018 589% 085(100,8021] o § 1 4
Kofoed et al. 2021 - 2662% 212(098, 457 g 2
Kerschbaumer et al. 2023 —_—— 16.80% 2.27(0.73, 7.08] T 8 o
Cheng etal. 2023 e 1214% 407[098,1697) & © -
Schebesch et al. 2023 —-— 38.55% 1.16(0.73, 1.85] & g N
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the studies significantly influenced the results, when omitted
(Online Resource 3).

Quality appraisal

Kerschbaumer’s and Schebesch’s studies did not specify
the primary pathology of metastatic lesions in each group,
making it unclear if they had comparable profiles regarding
question 1 [15, 30]. The different received dose in Kofoed's
study raises concern regarding question 2 [16]. The study
by Xiao et al. reported that if patients underwent GTR,
they were not eligible for postoperative radiotherapy.
This resulted in fewer FL patients receiving postoperative
radiotherapy [39]. In Kofoed's study, there is no information
about the systemic treatment of the patients, and ultrasound
aspiration was used during the procedure to remove remnants
[16]. Also two groups of patients in the Scebesch study
regarding multiple or single metastasis and the type of brain
area were not comparable. These three studies have raised
concerns about the presence of confounding factors [16, 30,
39]. In the Kerschbaumer study the presence of confounding
factors was not clear [15]. Studies by Kerschbaumer, Cheng,
and Schebesch also raised concerns regarding questions 7
and 8 [5, 15, 30]. Figure 4 illustrates the result of the quality
appraisal. Online Resources 4 and 5 contain details of the
individual studies.

Are the age and gender of the two patient groups comparable? Are metastatic lesions comparable?

Did the method and dose of fluorescence correspond to an injection of 5mg/kg during or shortly before anesthesia/ Was a filter used?

Were the number of brain n size of the m

Were appropriate statistical methods utilized for probable confounding factors?

Did the follow-up study include an MRI scan after the operation to follow up the patients?

Was the follow up time reported and sufficient to be long enough for outcomes to occur?

Was follow up complete, and if not, were the reasons to loss to follow up described and explored?

Were strategies to address incomplete follow up utilized?

Was appropriate statistical analysis used?

, condition of the disease and the systemic treatments comparable?

Discussion

We conducted a systematic review and meta-analysis of a
total of 916 patients with brain metastases undergoing FL
FGS [5, 10, 13, 15, 16, 26, 30, 39]. Most of the metastases
were from lung (37%), 15% from breast cancer, and 20%
from an unknown source. The results of our study showed
a remarkable improvement in overall patient survival and
a higher GTR rate in patients treated undergoing FL. FGS.
Importantly, no serious adverse effects attributable to FL
were observed in the studies.

The use of FGS for resection of BMs has not yet been
approved by the FDA. However, a recent systematic review
and meta-analysis conducted by Shah et.al showed that the
rate of tumor fluorescence with FL in various CNS tumors
was more than 77% [33]. In contrast, the rate of 5-ALA
induced tumor fluorescence was found to be more variable
in brain metastases, with a reported rate of about 69% in
tumors mostly originating from the lung [21] and 28% in
cerebral melanoma metastases [19]. Although our study did
not provide enough data to perform a similar analysis, it is
noteworthy that two studies reported a tumor fluorescence
rate of 94% and 90.2% for FL [30, 39], respectively, which
is consistent with the results of Shah et.al.

Currently, there are no specific guidelines for performing
FL FGS. In the studies by Cheng [5], Kofoed [16], Schebesch
[30], and Xiao [39], a dosage of 5 mg per unit weight was
uniformly used, administered intravenously just before or
during induction of anesthesia. Although Kerschbaumer [15]
did not specify the injection, all of these studies utilized a

Il
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Fig.4 Shows the result of the quality assessment. There were no objections to questions 5, 6 and 9, This figure has been built using web app

robvis [20]
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560nm light filter, which is effective in delineating tumor
margins. A study by Okuda et al. deviates from this trend
and describes injection methods after opening the dura
without using a light filter [26]. However, Okuda and Falco
mentioned a temporary yellowing of the urine, mucous
membranes, or skin in the patients [10, 25, 26]. No serious
complications were reported in any of the studies, which is
consistent with previous research on the safety of FL [1, 23,
27]. It is important to note that two cases of anaphylactic
reactions have been reported to date, both of which were due
to a high dose of FL injection of 20mg/kg [7, 36].

It has been observed that fluorescence can be visualized
after administration of FL in regions where no BBB is
present, such as the dura mater, periventricular organs, and
the choroid plexus [1]. There is concern that this could lead
to the removal of healthy tissue [32]. Nevertheless, studies
such as Kofoed et al. have shown that FGS can lead to a
lower rate of neurological defects than conventional surgery
[16]. In addition, studies by Xiao and Okuda have shown that
the use of fluorescence can lead to a significant improvement
in patients' KPS [26, 39]. In Okuda's study, KPS improved
in 80.55% of patients treated with fluorescence, regardless
of whether they received systemic treatment or not.
Interestingly, none of the patients experienced a worsening
of KPS after surgery [26].

According to the systematic review by Shah et al., the
use of FL during surgery resulted in a doubling of the GTR
rate for various CNS tumors [33]. Our study also found that
FL can help to achieve a higher GTR rate with very similar
outcomes in brain metastases. These results reconfirm the
high sensitivity of the method for different tumors, despite
its low specificity for different lesions.

It was found that patients who underwent FL. FGS had
a better overall survival rate, which can be attributed to
a higher GTR rate. However, it is important to point out
that while GTR is an important determinant of patient
survival, it is not the only determinant. In the studies that
showed an increased GTR rate, there was a corresponding
increase in overall survival in all but two studies, namely
Kershbaumer's study, in which the primary BM pathology
was not reported, and the study by Xiao, in which patients
who achieved a GTR did not receive radiotherapy [39].
Adjuvant radiotherapy and primary BM pathology are
two factors frequently reported as survival predictors [34],
which may explain the inconsistent results of the two studies
mentioned.

Unfortunately, there are no studies that have examined the
impact of FL on patient' quality of life. Since patients with
brain metastases are often considered terminal patients, one
of the goals of brain surgery is to improve their quality of
life. Therefore, more research is needed in this area.

It is essential to recognize the limitations of our study.
First, we did not examine the potential impact of primary
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tumor pathology and the number of BMs on FL efficacy,
which calls for further research in this area. Second, we
did not distinguish between the use or non-use of a 560nm
filter and systemic adjuvant therapy, and we pooled data,
which may have influenced our results. Third, we did not
investigate the role of FL on quality of life after surgery, a
critical aspect of patient outcomes. Furthermore, the lack
of adequate data makes it difficult to determine the optimal
method for FL injection. Furthermore, progression-free
survival was not investigated in our study. Also we have to
mention results of this study may be impacted by reporting
bias in the included studies.

Conclusion

Our research is the first meta-analysis to show that FL FGS
with a good safety profile can help achieve a higher rate
of GTR and improve overall survival in patients with brain
metastases. However, as few studies have been conducted,
future studies are warranted in this area.

Supplementary information The online version contains
supplementary material available at https://doi.org/10.1007/
s00701-024-06223-7.

Acknowledgements Not applicable.

Author contributions MADO conceived and designed the analysis,
performed the analysis, and wrote the paper; MohammadD collected
the data, wrote the paper, and contributed data or analysis tools; MB
wrote the paper; RZ performed the analysis; MohadeseD wrote the
paper; CGH critically reviewed, conceived and designed the analysis;
All the authors have thoroughly reviewed the final draft and have
granted their consent to the submitted version.

Funding The authors declare that they did not receive any funds,
grants, or other support while preparing this manuscript.

Data availability The datasets that were generated and analyzed during
the current study are available upon request from the corresponding

author in a reasonable manner.

Code availability Not applicable.

Declarations

Ethical Consent The manuscript does not contain clinical studies or
patient data.

Consent to participate Not applicable.

Consent to publish All authors gave explicit consent to submit.

Conflict of interest Dr. Hadjipanayis has received consulting fees from
Synaptive Medical, Stryker Corporation, Hemerion Therapeutics, and
Integra. Other authors did not disclose any financial or non-financial
conflicts of interest.


https://doi.org/10.1007/s00701-024-06223-7
https://doi.org/10.1007/s00701-024-06223-7

Acta Neurochirurgica

(2024) 166:334

Page7of8 334

References

10.

11.

12.

13.

Acerbi F, Broggi M, Schebesch KM, Hohne J, Cavallo C, De
Laurentis C, Eoli M, Anghileri E, Servida M, Boffano C, Pollo
B, Schiariti M, Visintini S, Montomoli C, Bosio L, La Corte E,
Broggi G, Brawanski A, Ferroli P (2018) Fluorescein-Guided
Surgery for Resection of High-Grade Gliomas: A Multicentric
Prospective Phase II Study (FLUOGLIO). Clin Cancer Res 24:52—
61. https://doi.org/10.1158/1078-0432.Ccr-17-1184

Bertolini F, Spallanzani A, Fontana A, Depenni R, Luppi G
(2015) Brain metastases: an overview. CNS. Oncol 4:37-46.
https://doi.org/10.2217/cns.14.51

Bougie E, Masson-Coté L, Mathieu D (2015) Comparison
Between Surgical Resection and Stereotactic Radiosurgery in
Patients with a Single Brain Metastasis from Non-Small Cell
Lung Cancer. World Neurosurg 83:900-906. https://doi.org/10.
1016/j.wneu.2015.01.029

Cagney DN, Martin AM, Catalano PJ, Redig AJ, Lin NU, Lee
EQ, Wen PY, Dunn IF, Bi WL, Weiss SE, Haas-Kogan DA,
Alexander BM, Aizer AA (2017) Incidence and prognosis
of patients with brain metastases at diagnosis of systemic
malignancy: a population-based study. Neuro Oncol 19:1511-
1521. https://doi.org/10.1093/neuonc/nox077

Cheng X, Chen J, Tang R, Ruan J, Mao D, Yang H (2023)
Sodium fluorescein-guided surgery for resection of brain
metastases from lung cancer: A consecutive case series study
and literature review. Cancers 15(3):882. https://doi.org/10.
3390/cancers15030882

Diaz RJ, Dios RR, Hattab EM, Burrell K, Rakopoulos P, Sabha N,
Hawkins C, Zadeh G, Rutka JT, Cohen-Gadol AA (2015) Study
of the biodistribution of fluorescein in glioma-infiltrated mouse
brain and histopathological correlation of intraoperative findings
in high-grade gliomas resected under fluorescein fluorescence
guidance. J Neurosurg 122(6):1360-1369. https://doi.org/10.
3171/2015.2.jns132507

Dilek O, Thsan A, Tulay H (2011) Anaphylactic reaction after
fluorescein sodium administration during intracranial surgery. J
Clin Neurosci 18:430-431. https://doi.org/10.1016/j.jocn.2010.
06.012

Ene CI, Ferguson SD (2022) Surgical management of brain
metastasis: challenges and nuances. Front Oncol 12. https://www.
frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.
847110

Ernani V, Stinchcombe TE (2019) Management of Brain
Metastases in Non-Small-Cell Lung Cancer. J Oncol Pract
15:563-570. https://doi.org/10.1200/jop.19.00357

Falco J, Broggi M, Rubiu E, Restelli F, Pollo B, Schiariti M,
Lanteri P, Stanziano M, Mazzapicchi E, Vetrano IG, Ferroli P,
Acerbi F (2023) What have we learned in fluorescein-guided
resection of brain metastases? An update after 79 consecutive
cases. J Clin Med 12(1). https://doi.org/10.3390/jcm12010178
Fatemi P, Zhang M, Miller KJ, Robe P, Li G (2018) How
Intraoperative Tools and Techniques Have Changed the Approach
to Brain Tumor Surgery. Curr Oncol Rep 20:89. https://doi.org/
10.1007/s11912-018-0723-9

Hadjipanayis CG, Stummer W (2019) 5-ALA and FDA approval
for glioma surgery. ] Neurooncol 141:479-486. https://doi.org/10.
1007/s11060-019-03098-y

Hamamcioglu MK, Ak¢akaya MO, Goker B, Kasimcan M, Kirig
T (2016) The use of the YELLOW 560 nm surgical microscope
filter for sodium fluorescein-guided resection of brain tumors:
Our preliminary results in a series of 28 patients. Clin Neurol
Neurosurg 143:39-45. https://doi.org/10.1016/j.clineuro.2016.02.
006

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Jung M, Ahn JB, Chang JH, Suh CO, Hong S, Roh JK, Shin SJ,
Rha SY (2011) Brain metastases from colorectal carcinoma:
prognostic factors and outcome. J Neurooncol 101:49-55. https://
doi.org/10.1007/s11060-010-0214-9

Kerschbaumer J, Demetz M, Krigers A, Pinggera D, Spinello A,
Thomé C, Freyschlag CF (2023) Mind the gap-the use of sodium
fluoresceine for resection of brain metastases to improve the
resection rate. Acta Neurochir 165:225-230. https://doi.org/10.
1007/s00701-022-05417-1

Kofoed MS, Pedersen CB, Schulz MK, Kristensen BW, Hansen
RW, Markovic L, Halle B, Poulsen FR (2022) Fluorescein-guided
resection of cerebral metastases is associated with greater tumor
resection. Acta Neurochir 164:451-457. https://doi.org/10.1007/
s00701-021-04796-1

Le Rhun E, Guckenberger M, Smits M, Dummer R, Bachelot T,
Sahm F, Galldiks N, de Azambuja E, Berghoft AS, Metellus P,
Peters S, Hong YK, Winkler F, Schadendorf D, van den Bent M,
Seoane J, Stahel R, Minniti G, Wesseling P, Weller M, Preusser M
(2021) EANO-ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up of patients with brain metastasis from
solid tumours. Ann Oncol 32:1332-1347. https://doi.org/10.
1016/j.annonc.2021.07.016

Lindvall P, Bergstrom P, Lofroth PO, Tommy Bergenheim A
(2009) A comparison between surgical resection in combination
with WBRT or hypofractionated stereotactic irradiation in the
treatment of solitary brain metastases. Acta Neurochir (Wien)
151:1053-1059. https://doi.org/10.1007/s00701-009-0325-2
Marhold F, Roetzer-Pejrimovsky T, Scheichel F, Mercea PA,
Mischkulnig M, Wadiura LI, Kiesel B, Weber M, Popadic B,
Prihoda R, Hafner C, Widhalm G (2022) Does pigmentation,
hemosiderin and blood effect visible 5-ALA fluorescence in
cerebral melanoma metastasis? Photodiagn Photodyn Ther
39:102864. https://doi.org/10.1016/j.pdpdt.2022.102864
McGuinness LA, Higgins JPT (2020) Risk-of-bias VISualization
(robvis): An R package and Shiny web app for visualizing risk-
of-bias assessments. Research Synthesis Methods. https://doi.org/
10.1002/jrsm.1411

Mercea PA, Mischkulnig M, Kiesel B, Wadiura LI, Roetzer
T, Prihoda R, Heicappell P, Kreminger J, Furtner J, Woehrer
A, Preusser M, Roessler K, Berghoff AS, Widhalm G (2021)
Prognostic value of 5-ALA fluorescence, tumor cell infiltration
and angiogenesis in the peritumoral brain tissue of brain
metastases. Cancers 13(4):603. https://doi.org/10.3390/cance
rs13040603

Moore Ge Fau - Peyton WT, Peyton WT et al (1948) The clinical
use of fluorescein in neurosurgery; the localization of brain
tumors. J Neurosurg 5(4):392-398. https://doi.org/10.3171/jns.
1948.5.4.0392

Neira JA, Ung TH, Sims JS, Malone HR, Chow DS, Samanamud
JL, Zanazzi GJ, Guo X, Bowden SG, Zhao B, Sheth SA, McKhann
GM 2nd, Sisti MB, Canoll P, D’Amico RS, Bruce JN (2017)
Aggressive resection at the infiltrative margins of glioblastoma
facilitated by intraoperative fluorescein guidance. J] Neurosurg
127:111-122. https://doi.org/10.3171/2016.7.Jns16232

Ogawa K, Yoshii Y, Nishimaki T, Tamaki N, Miyaguni T,
Tsuchida Y, Kamada Y, Toita T, Kakinohana Y, Tamaki W,
Iraha S, Adachi G, Hyodo A, Murayama S (2008) Treatment and
prognosis of brain metastases from breast cancer. J] Neurooncol
86:231-238. https://doi.org/10.1007/s11060-007-9469-1

Okuda T, Kataoka K, Taneda M (2007) Metastatic brain tumor
surgery using fluorescein sodium: technical note. Minim Invasive
Neurosurg 50:382-384. https://doi.org/10.1055/s-2007-993200

. Okuda T, Kataoka K, Yabuuchi T, Yugami H, Kato A (2010)

Fluorescence-guided surgery of metastatic brain tumors using
fluorescein sodium. J Clin Neurosci 17:118-121. https://doi.org/
10.1016/j.jocn.2009.06.033

@ Springer


https://doi.org/10.1158/1078-0432.Ccr-17-1184
https://doi.org/10.2217/cns.14.51
https://doi.org/10.1016/j.wneu.2015.01.029
https://doi.org/10.1016/j.wneu.2015.01.029
https://doi.org/10.1093/neuonc/nox077
https://doi.org/10.3390/cancers15030882
https://doi.org/10.3390/cancers15030882
https://doi.org/10.3171/2015.2.jns132507
https://doi.org/10.3171/2015.2.jns132507
https://doi.org/10.1016/j.jocn.2010.06.012
https://doi.org/10.1016/j.jocn.2010.06.012
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.847110
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.847110
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.847110
https://doi.org/10.1200/jop.19.00357
https://doi.org/10.3390/jcm12010178
https://doi.org/10.1007/s11912-018-0723-9
https://doi.org/10.1007/s11912-018-0723-9
https://doi.org/10.1007/s11060-019-03098-y
https://doi.org/10.1007/s11060-019-03098-y
https://doi.org/10.1016/j.clineuro.2016.02.006
https://doi.org/10.1016/j.clineuro.2016.02.006
https://doi.org/10.1007/s11060-010-0214-9
https://doi.org/10.1007/s11060-010-0214-9
https://doi.org/10.1007/s00701-022-05417-1
https://doi.org/10.1007/s00701-022-05417-1
https://doi.org/10.1007/s00701-021-04796-1
https://doi.org/10.1007/s00701-021-04796-1
https://doi.org/10.1016/j.annonc.2021.07.016
https://doi.org/10.1016/j.annonc.2021.07.016
https://doi.org/10.1007/s00701-009-0325-2
https://doi.org/10.1016/j.pdpdt.2022.102864
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.3390/cancers13040603
https://doi.org/10.3390/cancers13040603
https://doi.org/10.3171/jns.1948.5.4.0392
https://doi.org/10.3171/jns.1948.5.4.0392
https://doi.org/10.3171/2016.7.Jns16232
https://doi.org/10.1007/s11060-007-9469-1
https://doi.org/10.1055/s-2007-993200
https://doi.org/10.1016/j.jocn.2009.06.033
https://doi.org/10.1016/j.jocn.2009.06.033

334

Page 8 of 8

Acta Neurochirurgica (2024) 166:334

217.

28.

29.

30.

31.

32.

33.

34.

Okuda T, Yoshioka H, Kato A (2012) Fluorescence-guided
surgery for glioblastoma multiforme using high-dose fluorescein
sodium with excitation and barrier filters. J Clin Neurosci
19:1719-1722. https://doi.org/10.1016/j.jocn.2011.12.034
Quigley MR, Bello N, Jho D, Fuhrer R, Karlovits S, Buchinsky
FJ (2015) Estimating the additive benefit of surgical excision to
stereotactic radiosurgery in the management of metastatic brain
disease. Neurosurgery 76:707-712; discussion 712-703. https://
doi.org/10.1227/neu.0000000000000707

Ranasinghe MG, Sheehan JM (2007) Surgical management of
brain metastases. Neurosurg Focus 22:E2. https://doi.org/10.3171/
foc.2007.22.3.3

Schebesch KM, Hohne J, Noeva E, Pukrop T, Araceli T, Schmidt
NO, Proescholdt M (2023) Brain metastasis resection: the impact
of fluorescence guidance (MetResect study). Neurosurg Focus
55:E10. https://doi.org/10.3171/2023.5.Focus23197

Schupper AJ, Rao M, Mohammadi N, Baron R, Lee JYK, Acerbi
F, Hadjipanayis CG (2021) Fluorescence-guided surgery: A
review on timing and use in brain tumor surgery. Front Neurol
12:682151. https://doi.org/10.3389/fneur.2021.682151
Schupper AJ, Rao M, Mohammadi N, Baron R, Lee JYK, Acerbi
F, Hadjipanayis CG (2021) Fluorescence-Guided Surgery: A
Review on Timing and Use in Brain Tumor Surgery. Front Neurol
12:682151. https://doi.org/10.3389/fneur.2021.682151

Shah S, Ivey N, Matur A, Andaluz N (2023) Intraoperative
fluorophores: An update on 5-aminolevulinic acid and sodium
fluorescein in resection of tumors of the central nervous system
and metastatic lesions-A systematic review and meta-analysis.
Tomography 9:1551-1567. https://doi.org/10.3390/tomography
9050124

Stark AM, Tscheslog H, Buhl R, Held-Feindt J, Mehdorn HM
(2005) Surgical treatment for brain metastases: prognostic factors

@ Springer

35.

36.

37.

38.

39.

and survival in 177 patients. Neurosurg Rev 28:115-119. https://
doi.org/10.1007/s10143-004-0364-3

Suh JH, Kotecha R, Chao ST, Ahluwalia MS, Sahgal A, Chang
EL (2020) Current approaches to the management of brain
metastases. Nat Rev Clin Oncol 17:279-299. https://doi.org/10.
1038/s41571-019-0320-3

Tanahashi S, Lida H, Dohi S (2006) An anaphylactoid reaction
after administration of fluorescein sodium during neurosurgery.
Anesth Analg 103:503. https://doi.org/10.1213/01.Ane.00002
27205.37935.10

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR (2007)
Practical methods for incorporating summary time-to-event
data into meta-analysis. Trials 8:16. https://doi.org/10.1186/
1745-6215-8-16

Viechtbauer W (2010) Conducting Meta-Analyses in R with the
metafor Package. J Stat Softw 36:1-48. https://doi.org/10.18637/
j8s.v036.103

Xiao SY, Zhang J, Zhu ZQ, Li YP, Zhong WY, Chen JB, Pan ZY,
Xia HC (2018) Application of fluorescein sodium in breast cancer
brain-metastasis surgery. Cancer Manag Res 10: 4325-4331.
https://doi.org/10.2147/cmar.s176504

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/j.jocn.2011.12.034
https://doi.org/10.1227/neu.0000000000000707
https://doi.org/10.1227/neu.0000000000000707
https://doi.org/10.3171/foc.2007.22.3.3
https://doi.org/10.3171/foc.2007.22.3.3
https://doi.org/10.3171/2023.5.Focus23197
https://doi.org/10.3389/fneur.2021.682151
https://doi.org/10.3389/fneur.2021.682151
https://doi.org/10.3390/tomography9050124
https://doi.org/10.3390/tomography9050124
https://doi.org/10.1007/s10143-004-0364-3
https://doi.org/10.1007/s10143-004-0364-3
https://doi.org/10.1038/s41571-019-0320-3
https://doi.org/10.1038/s41571-019-0320-3
https://doi.org/10.1213/01.Ane.0000227205.37935.10
https://doi.org/10.1213/01.Ane.0000227205.37935.10
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.2147/cmar.s176504

	Sodium fluorescein-guided resection of brain metastases: A needed approach or an option? A systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Method
	Study design and search strategy
	Data extraction
	Quality appraisal
	Statistical analyses

	Results
	Study characteristics
	GTR rate
	Survival outcome
	Quality appraisal

	Discussion
	Conclusion
	Acknowledgements 
	References


