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Background Only sporadic reports of fluorescence-guided surgery (FGS) have been published for
non-glioma conditions. In this study, we focus on epidemiological data of fluorescence patterns and
report the diverse experiences of FGS in non-gliomas.
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During 8.5 years between July 2010 and January 2019, 900 FGS for brain tumor
Methods
performed in Seoul National University Hospital. Among them, a total of 73 histologically proven nonglioma patients were analyzed. Indications for FGS have been the possibility of anaplastic tumor in intra-axial tumors in preoperative MRI and an attempt to reproduce known anecdotal experiences of
5-Aminolevulinic Acid (5-ALA) fluorescence.
In cases of brain tumors except for gliomas, the most frequent cases were brain meResults
tastasis (23 cases) followed by lymphomas (9 cases) and meningeal tumors (8 cases). And there were
embryonal tumors (6 cases), hemangioblastomas (4 cases), and solitary fibrous tumor/hemangiopericytomas (3 cases). Most brain metastases, meningiomas, primary central nervous system lymphomas,
and treatment effect cases showed positive fluorescence. Moreover, some non-tumorous conditions
also showed positive fluorescence. However, hemangioblastoma and germ cell tumor did not observe
any fluorescence at all.
Conclusion 5-ALA induced fluorescence is not limited to glioma but is also evident in non-glioma
and non-neoplastic conditions. This 5-ALA-induced fluorescence may be used as an intraoperative
tool for various brain conditions.
Fluorescence; Surgery; Meningioma; Metastasis.
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INTRODUCTION
Fluorescence-guided surgery (FGS) provides neurosurgeons with real-time, intraoperative information to distinguish malignant from normal or non-malignant tissue. Since
FGS has high sensitivity and specificity to identify malignant
glioma tissue, FGS is widely accepted for high grade gliomas
and low grade gliomas with anaplastic foci [1]. However, the
scope of use of FGS is extended beyond glioma surgery [2].
In particular, the usefulness of FGS for brain metastases and
meningioma has been reported in several case series [3,4]. In
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addition, it has been reported that it showed positive fluorescence outside brain tumors such as brain abscesses, spinal
cord tumors, lung cancer and bladder cancer [5-8]. Experiences of incidental cases of FGS for various pathologies are
accumulating rapidly. This report integrates our diverse and
incidental experience of FGS in non-glial tumors and other
anecdotal brain pathologies of their fluorescence patterns.

MATERIALS AND METHODS
During 8.5 years between July 2010 and January 2019, 900
FGS for brain tumor performed successively in Seoul National University Hospital. Among them, the fluorescence
pattern of 827 glioma is reported in the previous article of
this issue (Experience profiling of fluorescence-guided surgery I: gliomas). The other 73 FGSs have been proven histo-
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logically to be non-glial pathology. Indications for FGS are
the possibility of anaplastic foci of intra-axial brain tumors in
preoperative MRI or verification of previously reported sporadic applications (ex. hemangioblastoma). Application for
extra-axial tumors such meningioma is the result of occasional ambiguous feature of morphologies in preoperative
MRI. The Institutional Review Board of Seoul National University Hospital approved this retrospective study (IRB No:
1905-093-1034).
FGS methods and devices and fluorescence pattern analysis were the same as previously described. Briefly, 20 mg/kg
of 5-Aminolevulinic Acid (5-ALA, Gliolan®; Medac, Wedel,
Germany) mixed with 50 mL of water 3 to 4 hours before the
induction of general anesthesia, and FGS were done with a
Leica M720 OH5 microscope (Leica, Wetzlar, Germany)
equipped with an FL400 Fluorescence module or a Zeiss
Pentero equipped with a fluorescent 400 nm UV light and
filters (Zeiss, Oberkochen, Germany). Fluorescence intensity
was made by optical judgement during the surgery and the
red color was classified into “strong” intensity, pink into
“weak” intensity, and blue into “no” fluorescence.

RESULTS
Of the 900 FGS performed, 73 (8.1%) were histologically
proven to be non-glioma lesions (Fig. 1). The most frequent
application was brain metastasis (23 cases) followed by lymphoma (9 cases), meningeal tumor (8 cases), treatment effect
(7 cases), embryonal tumor (6 cases), hemangioblastoma (4
cases), and solitary fibrous tumor/hemangiopericytoma
(SFT/HPC, 3 cases). Other miscellaneous pathologies in-

Brain metastasis

Among 23 FGS cases of brain metastases, 20 cases (86.9%)
showed positive fluorescence including strong (n=6, 26.1%)
and weak fluorescence (n=14, 60.9%) (Fig. 2A). Complete
excision was performed in most cases except two cases with
or without fluorescence. The reasons for incomplete resection in 2 cases were the tumor attachment to critical vessels
and the stony hard contexture of the tumor. The primary
sites of the cancer were lung (n=15), colon (n=3), ovary
(n=2), kidney (n=1), and breast (n=1).
There were rare cases of brain metastasis from malignant
peripheral nerve sheath tumor (MPNST) that showed strong
fluorescence (Fig. 2B). A 35-year-old man with a history of
MPNST resection at the left rib and lung, presented with
headache and motor aphasia. Magnetic resonance imaging
showed well-enhanced mass with surrounding edema and
intratumoral hemorrhage in the left temporal lobe. Under
the FGS, parts of the tumor showed strong fluorescence. Histological diagnosis of the mass was confirmed to be metastasis of MPNST.

Meningioma and SFT/HPC

We experienced 8 meningiomas of various WHO grades
under FGS. Of them, 5 were fluorescence positive and the
other 3 showed no fluorescence. A grade III anaplastic meningioma showed strong red fluorescence. However, one of
the two grade II atypical meningiomas showed strong fluo-
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Fig. 1. Distribution of histological diagnosis of 73 fluorescence-guided surgery cases excluding glioma. Experience of 827 glioma cases is
described in the other paper in this issue (Experience profiling of fluorescence-guided surgery I: gliomas). Numbers in the diagram indicate
number of cases. SFT/HPC, solitary fibrous tumor/hemangiopericytoma; Gr, grade.
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Fig. 2. A: Distribution of fluorescence intensity of 23 brain metastasis from various primary cancer sites. A single cubic unit denotes individual case. B: Illustrative case of brain metastasis of malignant peripheral nerve sheath tumor (MPNST). Transaxial T2-weighted and coronal
T1-weighted MR images show a well enhancing round-shpaed mass with internal hemorrhage and peritumoral edema in left temporal lobe.
The mass was excised in en bloc fashion and the part of the internal side of the mass showed strong red fluorescence. RCC, renal cell carcinoma.

rescence while the other showed no fluorescence. Among the
remaining 5 grade I meningiomas, strong fluorescence was
observed in 2, weak fluorescence in 1, and no fluorescence in
2. No histologic meningioma subtype predominance of fluorescence was observed.
All three SFT/HPC cases corresponding to WHO grade III
were fluorescence positive. Strong positive was detected in 2
cases and weak fluorescence was observed in the other 1 case.

Lymphoma and lymphoma-like lesions

Sometimes it is difficult to make a differential radiological
diagnosis between high-grade glioma and primary central
nervous system lymphoma (PCNSL), even with FGS. Of 9
cases of PCNSL, 5 cases showed strong fluorescence as seen
in glioblastoma and 2 cases showed weak fluorescence. The
other 2 cases revealed no fluorescence.
Distinction between PCNSL and primary central nervous
system angitiis (PCNSA) is even more challenging in the
field of radiology and pathology. Unfortunately, FGS also
does not do much for the differential diagnosis of those conditions. All 3 cases of PCNSA we experienced showed fluorescence positive (Fig. 3).

Embryonal tumors and hemangioblastoma

We have experienced 6 cases of embryonal tumors includ-

ing germinoma (2 cases), medulloblastoma (2 cases), and
pineoblastoma (2 cases). Only pineoblastomas showed weak
fluorescence, whereas germinomas and medulloblastomas
did not show any fluorescence. No fluorescence was observed in all 4 cases of hemangioblastomas as well.

Treatment effect

Treatment effect-related tisse fluorescence were confirmed
in 7 cases. All the patients received FGS under the impression of recurrent glioblastoma. Although all cases showed
positive fluorescence (Fig. 4), histologic examination revealed no viable tumor cells, mainly with radiation necrosis
and reactive gliosis. The interval between radiation therapy
and surgery varied from 1 month to 20 months.

Non-tumorous conditions

As FGS was applied for possible preoperative radiologic
impression of high grade glioma, we accidentally experienced positive fluorescence for various non-neoplastic conditions.
A rare case of intracranial heterotopic ossification showed
fluorescence positivity (Fig. 5A). A 51-year-old woman was
hospitalized for dense calcification of the left frontal lobe
with patch enhancement and peritumoral edema. Initial impression was oligodendrolioma with possible malignant
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Fig. 3. Intraoperative photograph showing positive fluorescence and magnetic resonance images of 3 primary central nervous system angiitis cases.

Fig. 4. Magenetic resonance images and intraoperative fluorescence pattern of treatment effect after radiotherapy. Positive fluorescence
areas were observed although no viable tumor cells were idendtified in histological examination.

transformation. During the FGS, strong fluorescence was
observed. However, histological investigation showed reactive gliosis with numerous Rosenthal fibers and diffuse calcification. The final histological diagnosis was heterotopic ossification without any evidence of neoplasm.
A case of glioependymal cyst showed strong positivity of
fluorescence (Fig. 5B). This 69-year old female had a small
enhancing cystic lesion at the left peri-trigonal which have
grown slowly for 3 years. Under the impression of tumorous
condition, FGS was performed and strong fluorescence was
identified in the solid part of the mass. However, the lesion
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was diagnosed as a glioependymal cyst without any neoplastic evidence. Histopathological analysis showed ciliated ependymal linings with underlying reactive gliosis and perivascular lymphoplasmacytic infiltration.
Inflammatory conditions could exhibit positive fluorescence. Histologically confirmed chronic active inflammation
and meningoencephalitis mimicking tumorous condition in
radiological studies showed strong red fluorescence around
the lesion of interest (Fig. 5C). However, we also did not experience any discernable fluorescence in conditions with histologically confirmed inflammatory pseudotumors, reactive
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Fig. 5. Examples of non-tumorous conditions showing positive fluorescenase. A: A case of intracranial heterotopic ossification. Non-contrast computed tomography shows dense calcific lesion in the left frontal lobe.The lesion is irregulary enhanced in MRI. Intraoperative finding shows strong
fluorescence. Histologically, the mass is composed of calcification with numerous Rosenthal fibers. B: A case of glioependymal cyst. Preoperative
MRI shows an enhanced mass lesion with cyst in the left periventricular white matter. The solid portion of resected mass exhibit strong fluorescence.
Histological finding denies any evidence of neoplasm but for only showing reactive gliosis with ciliated ependymal linings. A, B: Hematoxylin and eosin stain; original magnification ×400. C: Cases of pachymeningitis (left) and meningoencephlitis (right) which shows positive fluorescence.

gliosis for various reasons, and demyelinating diseases.

DISCUSSION
Retrospective studies have reported that metastatic brain
tumors have a broad range of fluorescence signals from 30%
to 80% [9-11]. In our data, the incidence of fluorescence positive for brain metastases was even higher, reaching 86.9%.
However, there is no specific relationship between the primary cancer type and the fluorescence intensity [11,12]. In
brain metastases, it is reported that the fluorescence in brain
metastases is unevenly distributed at the same histology and
origin, as expression of ferrochilatase, which plays an important role in PpIX accumulation in glioblastoma, varies inbrain metastasis [11,13,14]. On the other hand, we experienced the same experience as previous reports mentioning
that diffuse fluorescence may be observed in the peri-edema
area of brain metastases irrespective of the presence of tumor
cells [10,15]. Thus, unlike malignant gliomas, weakly positive
fluorescent areas in the peritumoral area should be carefully

removed to account for false positive results in brain metastases. For this reason, it has been reported that fluorescence
of brain metastasis by 5-ALA is not significantly associated
with the degree of surgical resection [9]. Nevertheless, FGS
for brain metastases enables improved surgical outcome with
respect to tumor local control rate and progression free survival [11,13].
Visible fluorescence has been reported in 77–96% of meningiomas in most studies [12,16-22]. The fluorescence patterns of meningiomes have proven to be uniform and strong
in most cases [4,16,23]. Interestingly, as can be seen from our
experience, the fluorescence intensity of meningiomes is not
highly correlated with histologic features or malignant tumors [22,23]. The specific mechanism of 5-ALA fluorescence
in meningioma have never been studied. However, the role
of the disrupted brain blood barrier is not a major determinant of 5-ALA uptake in meningioma [3,20]. Recent case reports suggest that FGS in meningioma is a useful and promising tool for intraoperative visualization of meningioma
tissue and detection of bone infiltration [22,24]. Some expe-
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riences in meningiomas also suggest that FGS can distinguish between hypertrophic dura and tumor-infiltrated dura
[19,22,25]. FGS can make it possible to reduce the recurrence
rate of meningiomas by identifying residual tumors in the
adjacent dura, bone flaps and brain parenchyma.
Although 5-ALA-induced fluorescence has been demonstrated in most lymphomas (75% to 100%), the exact mechanism of 5-ALA metabolism and accumulation of fluorescent
PpIX in PCNSL cells remains unknown [26,27]. Several studies have suggested that a proton-coupled folate transporter,
one of the membrane transporters of lymphoma cells, is associated with the uptake of 5-ALA in PCNSL, and the lack of
ferrochelatase enzyme activity in malignant lymphoma is associated with the accumulation of fluorescent PpIX [28-32].
5-ALA-induced fluorescence in PCNSL is mostly observed
with strong intensity and uniform pattern. In PCNSL, histologic confirmation is essential for proper diagnosis and treatment, such as chemotherapy and radiation therapy. According
to the histopathological analysis of the literature, the fluorescent tissue in PCNSL contains well diagnostic tissue with high
positive predictive value [27,33]. Thus, 5-ALA induced fluorescence can be a potentially useful intraoperative tool for
identifying diagnostic lymphoma tissue in biopsies of PCNSL.
Hemangioblastoma has been reported to show positive
fluorescence in mural nodule [34,35]. However, we could not
detect any fluorescence in hemangioblastoma under the general setting of FGS condition. Furthermore, although there is
a literature reporting positive fluorescence, we were unable
to detect any fluorescence in germ cell tumors [36].
After adjuvant therapy for the treatment of malignant glioma, brain tissue expereiences reactive and inflammatory
changes such as gliosis, mesenchymal scar formation, and
vascular hyalinization [37-41]. These changes can cause degenerative tissues to become fluorescent positive after adjuvant therapy. In particular, radiation disrupts the blood-brain
barrier and induces inflammatory cell infiltration associated
with 5-ALA uptake and accumulation of fluorescent PpIX.
Since the effects of radiation change with time, some literature suggests that fluorescence may be related to the interval
between radiation therapy and surgery mentioning weak recurrent lesions become apparent within 4 to 9 months after
radiation without tumor recurrence [37,42,43]. However, in
our data, fluorescence intensity is not significantly associated
with the interval between radiation therapy and surgery
[37,44]. It should be kept in mind that intraoperative fluorescence alone is not enough to distinguish between treatment
effects and tumor recurrence.
5-ALA-induced fluorescence is not limited to malignancy.
To date, 5-ALA-induced fluorescence has been reported in
several cases of brain abscess, multiple sclerosis, demyelinat-
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ing disease, radiation necrosis, and cerebral infarction [4547]. In the non-tumorous condition, the expression patterns
of key enzymes and transporters involved in the fluorescent
PpIX biosynthetic pathway are different from the tumor. According to the literature, 5-ALA-induced fluorescence is presumed to be associated with reactive astrocytes and inflammation [46,48]. Inflammation causes a reaction of immune
cell infiltration involving macrophages, lymphocytes, and
neutrophils. Some studies have reported that macrophages
and activated lymphocytes have high expression of peptide
transporter 1 (PEPT1) and low expression of ferrochelatase
(FECH) in PpIX biosynthesis pathway, leading to the accumulation of fluorescent PpIX [32,48]. Thereby, intraoperative
fluorescence is observed in inflammation or infection.
In conclusion, 5-ALA-induced fluorescence is not limited
to glioma but is also evident in non-glioma and non-neoplastic conditions. Further studies should establish the utility
of FGS in various areas, as the biosynthetic mechanism of
fluorescent PpIX in non-glioma tumors has not yet been elucidated.
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