Pediatric

Research Article

Neurosurgery

Pediatr Neurosurg 2020;55:268-279
DOI: 10.1159/000511289

Received: November 7, 2019
Accepted: August 29, 2020
Published online: November 18, 2020

The Use of 5-Aminolevulinic Acid to
Assist Gross Total Resection of Paediatric

Posterior Fossa Tumours

Jason John Labuschagne® ¢

aDepartment of Neurosurgery, University of the Witwatersrand, Johannesburg, South Africa; PDepartment of
Paediatric Neurosurgery, Nelson Mandela Children’s Hospital, Johannesburg, South Africa; “Netcare Unitas Hospital,

Centurion, South Africa

Keywords
5-aminolevulinic - 5-aminolevulinic acid - Fluorescence -
Brain tumour

Abstract

Background: 5-aminolevulinic acid (5-ALA) use is well estab-
lished in the resection of adult high-grade gliomas. There is
growing interest in its usefulness in the paediatric popula-
tion. The potential benefit of 5-ALA-guided resection moti-
vated our unit to offer the established adult protocol as off-
label use. Objective: to determine if 5-ALA guided resection
was routinely useful and offered increased gross total resec-
tion (GTR) results. Methods: Nineteen patients harbouring a
posterior fossa tumour suggestive of either an ependymoma
or medulloblastoma (MB) underwent surgery between Janu-
ary 2018 and October 2019. The mean age was 5 years (range
2-12 years). A dose of 20 mg/kg of 5-ALA (Gliolan®) was giv-
en 4 h preoperatively. Intraoperatively, the tumours were
viewed under violet-blue light and the presence of fluores-
cence was recorded. Fluorescence status was compared
with histopathological classification and grade, Ki-67 index,
GTRrate, and a subjective determination of “usefulness” was
determined. Results: The case series included ependymoma

grade Il (n = 6), ependymoma grade lll (n = 4), and MB grade
IV (n =9). For the combined cohort, the strong fluorescence
rate was 68% (n = 13), the heterogenous fluorescence rate
was 26% (n = 5), and the completely negative fluorescence
rate was 5% (n = 1). The strong fluorescence rate of 90%
found in the combined ependymoma group compared to
the 45% strong fluorescence rate in the MB group was statis-
tically significant (p = 0.05). Within the MB group the Ki-67
index was found to be significantly higher in the strongly
fluorescent group as opposed to the patchy or non-fluores-
centgroup (77.5 vs.40%, p=0.016). Fluorescence was deter-
mined to be useful in 63% of all cases. There was no signifi-
cant relationship between fluorescence and GTR. The rela-
tionship between perceived usefulness and resection was
not statistically significant. No adverse drug reactions were
recorded. Conclusion: This case series adds to the growing
body of evidence demonstrating the safety of 5-ALA in the
paediatric population. 5-ALA guided resection was found to
be useful in the majority of cases but this did not correlate
with GTR status. Ependymomas reliably fluoresce in 90% of
cases, and 5-ALA-guided resection should be considered
when a preoperative diagnosis of ependymoma is suspect-
ed. © 2020 S. Karger AG, Basel
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Introduction

5-Aminolevulinic acid (5-ALA) is a precursor mole-
cule in the heme biosynthetic pathway. Its metabolite
protoporphyrin (PPIX), produced in the mitochondria,
accumulates in certain tumour cells, most likely due to a
deficiency of ferrocheletase in these cells. PPIX demon-
strates red fluorescence when excited by violet-blue light
[1]. Multiple previous studies have demonstrated that
certain central nervous system (CNS) neoplasms prefer-
entially take up 5-ALA and convert it to PPIX, allowing
the differentiation of neoplastic and normal brain tissues
during tumour resection [2, 3]. A randomized, controlled
multicentre phase III trial in adult glioblastoma and sub-
sequent publications in adult patients [4-6] demonstrat-
ed an increase in the rate of gross total resection (GTR)
and an improvement in survival with 5-ALA-guided re-
section.

To our knowledge, no reports of randomized, con-
trolled trials of fluorescence-guided surgery for paediatric
brain tumours have been published. The first successful
use of 5-ALA in a child was published in 2009 [7] and
subsequently several case reports and case series [8-12]
have been published, reporting the use of 5-ALA in this
population group across a variety of CNS neoplasms in-
cluding pilocytic astrocytomas, medulloblastomas (MBs),
ependymomas, malignant gliomas and others.

The potential benefits of an intraoperative tumour
specific marker for paediatric brain tumour surgery, and
the assumed benefit of 5-ALA-guided resection, moti-
vated our unit to offer the established adult protocol to
parents as an individual treatment attempt. In this man-
uscript, we present our experience regarding the safety
and “usefulness” of fluorescence-guided surgery with
5-ALA for the resection of posterior fossa tumours (spe-
cifically, ependymomas and MBs) in children. To our
knowledge this is the largest single-centre series of
5-ALA-guided resection in paediatric posterior fossa tu-
mour resection.

Material and Methods

Patients

Patients aged <16 years with the diagnosis of a posterior fossa
brain tumour suggestive of either an ependymoma or MB on pre-
operative MRI were considered suitable for treatment with 5-ALA-
assisted surgery. Patients in whom MRI features were suggestive
of a localized, low-grade lesion, typically lesions thought to be a
pilocytic astrocytoma, were excluded. Primary brainstem lesions
were also excluded from this series. Exclusion criteria included any
pre-existing hepatic or renal disease, abnormal renal or hepatic

5-ALA in Paediatric CNS Tumours

function, any known cutaneous hypersensitivity, or a first-degree
relative with porphyria. Parents or guardians after being informed
about the potential benefit and risks derived from the existing
adult data were offered the treatment as an off-label use. Following
an explanation regarding the lack of safety and efficacy data from
clinical trials in the paediatric population and the character of an
individual treatment attempt, written informed consent was ob-
tained on behalf of the children from their parents or guardians.
The Human Research Ethics Committee of the medical faculty of
the University of the Witwatersrand approved the scientific analy-
ses of these cases.

Study Protocol

Patients were treated according to the previously reported
adult protocol of Stummer et al. [6]. All patients received intra-
venous Dexamethasone 0.25 mg/kg (body weight)/day in 4 di-
vided doses for 2 days prior to the surgery. A single dose of
5-ALA (Gliolan®) 20 mg/kg (body weight) suspended in 50 mL
of tap water was administered orally 4 h prior to the predicted
“cutting time” in the presence of medical personnel. At surgery,
following tumour exposure, a microscope equipped with a vio-
let-blue light source (Zeiss, Kinevo 900, Carl Zeiss AG,
Oberkochen, Germany) was used to evaluate for fluorescence.
Tumour resection was performed using microsurgical instru-
ments as well as an ultrasound surgical aspirator (CUSA: Integ-
ra Lifesciences Corporation, Princeton, NJ, USA) under white
microscope light, switching repeatedly to violet-blue illumina-
tion mode to visualize red fluorescence in the operative field.
Neuronavigation (STEALTH, Medtronic, Minneapolis, MN,
USA), intraoperative monitoring, and intraoperative ultrasound
were used as required. Routine prophylactic measures were em-
ployed to diminish patient light exposure before, during, and for
48 h after surgery.

Assessment of Parameters

Patients were clinically examined during their post-operative
course to assess for new neurological deficits or surgical complica-
tions. Patients were clinically assessed for signs of adverse drug
reactions, such as erythema. Extent of resection was assessed on
post-operative gadolinium-enhanced MRI obtained within 48 h of
surgery, and graded as either GTR, that is, no residual tumour en-
hancement, near total resection (NTR), that is, a thin rim of gado-
linium enhancement of the tumour cavity/wall, or subtotal resec-
tion, that is, residual nodular enhancement. Neuropathological
diagnosis was obtained and classified according to the WHO clas-
sification of tumours of the CNS [13]. The MB group was classified
according to the WHO histological classification and not WHO
genetic classification as our unit did not have genetic subtyping
available at the time.

Statistical Analysis

Averages were expressed as means. Due to the small sample
size, the relationships between categorical variables were investi-
gated by means of Fisher’s exact test. The Mann-Whitney U test
was used to compare the median scores of 2 groups. All statistics
were performed using SSPS Version 25.0 for Windows (SPSS Inc.,
Chicago, IL, USA). A p value <0.05 was considered statistically sig-
nificant.
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Table 1. Patients’ characteristics and outcomes

Case Tumour histology Age, Gender Presentation Quality of Extent of Usefulness of Ki-67  Adverse
number (WHO grade) years fluorescence resection fluorescence events
1 MB (IV) 12 F Vomiting, headache, ataxia Strong GTR Yes 70 Significant
posterior fossa
syndrome
2 MB (I1V) 12 F Vomiting, headache, ataxia Strong GTR Yes 80 Nil
3 MB (IV) 5 M Vomiting, headache, truncal ~ Vague/heterogeneous GTR Yes 45 Nil
ataxia
4 MB (IV) 2 F Anorexia, emaciation, vomiting, Vague/heterogeneous GTR Yes 40 Nil
depressed LOC
5 MB (1V) 5 M Torticollis, truncal ataxia, Vague/heterogeneous GTR Yes 40 Nil
regression in milestones
6 MB (IV) 4 M Headache None GTR No 30 Nil
7 MB (IV) 3 M Abducent nerve palsy, delayed = Strong GTR No 80 Nil
milestones, vomiting
8 MB (IV) 10 F Rapidly declining LOC Strong NTR Yes 80 Nil
9 MB (IV) 4 M Ataxia, abducent nerve palsy ~ Vague/heterogeneous GTR No 20 Nil
10 EP (II) 2 M Vomiting failure to thrive Strong NTR Yes 3 Nil
11 EP (1I) 2 F Vomiting, delayed milestones, Strong GTR Yes 2 Nil
ataxia
12 EP (II) 4 F Vomiting, headaches, ataxia Strong GTR No 7 Nil
13 EP (II) 3 M Vomiting hemiplegia and Vague/heterogeneous GTR Yes 20 Transient CN
depressed LOC VI palsy
14 EP (II) 7 M Headaches Strong GTR No 10 Nil
15 EP (II1) 5 M Vomiting, headache ataxia Strong GTR No 7 Nil
16 EP (IIT) 4 F Vomiting, headache, ataxia Strong GTR Yes 10 Nil
17 EP (III) 4 M Vomiting torticollis, ataxia Strong GTR Yes 20 Transient
worsening of
ataxia
18 EP (III) 2 F Vomiting, abducens nerve palsy Strong NTR Yes 50 Nil
19 EP (IIT) 8 M Headache, declining vision Strong NTR No 20 Nil

MB, medulloblastoma; GTR, gross total resection; NTR, near total resection.

Results

Nineteen patients (11 male, 8 female) underwent flu-
orescence-guided surgery for brain tumour resection be-
tween January 2018 and October 2019. The mean age was
5years (range 2-12 years). Pathological diagnosis accord-
ing to WHO classification was ependymoma grade II
(n =6), ependymoma grade III (n = 4), and MB grade IV
(n = 9). Histological subtyping of the MBs identified 7
classic MBs, 1 desmoplastic/nodular MB, and 1 MB with
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extensive nodularity. Table 1 summarizes the patients’
characteristics and outcomes.

Intraoperative Observation of 5-ALA Fluorescence

In the MB group, we found strong fluorescence in 45%
(n = 4) of patients, and a combined heterogenous or no
fluorescence rate of 55% (n = 5). In the ependymoma
grade II group, we had a strong fluorescence rate of 83%
(n =5), a heterogenous fluorescence rate of 17% (n = 1),
and no patients with completely negative fluorescence. In
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the ependymoma grade III group, we had a 100% (n = 4)
strong fluorescence rate. For the combined cohort, the
strong fluorescence rate was 68% (n = 13), the heteroge-
nous fluorescence rate was 26% (n = 5), and the complete-
ly negative fluorescence rate was 5% (n = 1). No statistical
relationship between tumour type and fluorescence was
found (p = 0.163) when the ependymoma groups were
classified separately according to WHO grading into ep-
endymoma and anaplastic ependymoma. If however the
ependymoma subtypes were combined, as is the case clin-
ically given the current molecular subtyping rather than
histopathological typing of ependymoma [13], the strong
fluorescence rate of 90% found in ependymoma com-
pared to the 45% strong fluorescence rate in the MB group
resulted in a statistically significant difference (p = 0.05)
for tumour subtype and fluorescence rate.

Degree of Resection and Usefulness of Fluorescence

We attained post-operative MRI confirmed GTR in
73% of all the tumours and a 17% NTR in the remainder.
Fluorescence was determined to be useful in 63% of cases
and to be non-useful in 36% of cases. The relationship
between fluorescence and GTR was non-significant (p =
1.00). The relationship between perceived usefulness and
resection was not statistically significant (p = 0.603). At
the end of surgery, no patients had solid fluorescent tissue
still visible in the surgical field.

Tumour Grade and Ki-67 Characteristics and

Fluorescence Rate

When correlating Ki-67 with WHO grade, we found
that our WHO grade II tumours had an average Ki-67
index of 8.1, the grade III average was 25.0, and grade IV
average was 57.2. Within the MB group, the Ki-67 index
was found to be significantly higher in the strongly fluo-
rescent group as opposed to the patchy or non-fluores-
cent group (77.5 vs. 40%, p = 0.016).

Gadolinium Enhancement and Fluorescence Rate

All 6 of the ependymoma grade II tumours demon-
strated avid gadolinium contrast enhancement as did all
4 of the ependymoma grade III tumours. Only 2 of the 9
(22%) MBs failed to enhance post gadolinium adminis-
tration, the other 7 (78%) demonstrating avid gadolinium
contrast enhancement. The 2 non-enhancing MBs both
demonstrated strong fluorescence. Figure 1 demonstrates
a classic MB, with avid post gadolinium enhancement
that intraoperatively was found to have vague 5-ALA flu-
orescence. Figure 2 demonstrates a classic MB, with very
poor gadolinium enhancement demonstrating strong in-
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traoperative 5-ALA fluorescence. Figure 3 demonstrates
the typical strong fluorescence found within the ependy-
moma group.

Complications

Three patients developed complications. One patient
developed a transient cranial nerve VI palsy from cere-
brospinal fluid over-drainage. The patient had hydro-
cephalus on preoperative scanning, and an EVD was left
in situ post-operatively. Following a period of inadvertent
over-drainage of CSF, he developed a left-sided CN VI
palsy, that resolved rapidly with clamping of the drain fol-
lowed by drain removal. He had a MRI performed within
48 of surgery revealing GTR. The second complication
was in a 12-year-old female patient with a MB. The pa-
tient had a strongly fluorescent MB resected, with tumour
diffusely infiltrating the vermis. Fluorescence was essen-
tial in guiding a complete resection. The patient devel-
oped cerebellar mutism and emotional lability, character-
istic of posterior fossa syndrome [14, 15]. The additional
extent of resection, “encouraged” by the positive fluores-
cence within the cerebellum, was felt to have contributed
to the posterior fossa syndrome symptoms. This had par-
tially resolved by her last clinical visit. The third compli-
cation was significantly worsening of ataxia in a 4-year-
old male patient with a grade III ependymoma. This re-
covered within 6 weeks. There were no complications
directly attributable to the administration of the 5-ALA
such as liver enzyme derangement or skin sensitivity.

Discussion

The prognostic significance of GTR for paediatric
brain tumours is well documented. In children, MB is the
most frequent malignant tumour of the CNS accounting
for 15-20% of paediatric CNS tumours [16]. The extent
of surgical resection in these tumours is a strong prognos-
tic factor. Patients with <1.5 cm? post-operative residual
having a superior overall survival [17, 18]. Likewise, com-
plete resection remains the most important prognostic
factor for children with ependymoma [19, 20]. However,
GTR is a challenge as MBs frequently infiltrate adjacent
vulnerable tissue, including the brainstem [21, 22], mak-
ing clear intraoperative identification of the tumour dif-
ficult. Likewise, ependymomas, in particular the lateral
group [23-28], have been shown to invade the brainstem,
cerebellar peduncle and cerebellum, making clear intra-
operative identification of the tumour imperative. Intra-
operative visualization of these tumours may thus con-
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tribute to improved GTR rates and lower surgical mor-
bidity.

Despite the good in vitro evidence of MB cells to ac-
cumulate PPIX [21, 29-32], the clinical reports of MB flu-
orescence are conflicting and ambiguous [33-35]. Our

Lossy 25: 1

result of a strong fluorescence rate of 44% is similar to the
existing literature [2, 33-35]. Our results of the ependy-
moma grade IT group having a strong fluorescence rate of
83% with the grade III group having a 100% strong fluo-
rescence rate is in line with the rate and extent of fluores-

Lossy 32: 1

Fig. 2. MRI and intraoperative images: Classic MB. Top row: Post-contrast sagittal and axial MRI of non-enhanc-
ing classic MB. Bottom left: Bright fluorescence of tumour margin at cerebellar-tumour interface, deemed useful
intraoperatively. Bottom right: Ex vivo, intense/bright fluorescence of tumour bulk. MB, medulloblastoma.

Fig. 1. MRI and intraoperative images: Classic MB. Top row: Post-contrast sagittal and axial MRI of an avidly
enhancing classic MB. Middle left: White-light microscopic view, reveals complete resection from 4th ventricle,
with median sulcus (yellow arrow) visible, thin layer of neoplastic tissue in lateral recess of 4th ventricle. Right
middle: Vague but useful fluorescence of abnormal tissue in lateral recess. Bottom left: Ex vivo, low intensity but
still clearly visible fluorescence of tumour bulk. Bottom right: GTR confirmed on post-operative MRIL. MB, me-

dulloblastoma; GTR, gross total resection.
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cence in clinical studies of both infratentorial [35] and
spinal ependymomas [36], approaching 90 and 100%
positive strong fluorescence for ependymoma grade II
and grade III respectively [35, 37, 38].

Contrast enhancement was almost uniform across the
entire cohort of tumours, only 2 (10%) tumours (a classic
MB arising in the left lateral cerebellar hemisphere, and a
classic MB arising in the midline from the roof of the
fourth ventricle) failed to enhance post gadolinium ad-
ministration. Both these tumours demonstrated strong
intraoperative fluorescence. Contrast enhancement was
therefore not a reliable predictor of positive intraopera-
tive fluorescence or lack thereof. Likewise, although none
of our patients had visible fluorescence of the tumour bed
at the end of the tumour resection, 17% did display some
degree of tumour bed enhancement on post-operative
gadolinium-enhanced MRI. The accumulation of gado-
linium is mainly based on blood-brain barrier (BBB) dis-
ruption, while the accumulation of 5-ALA requires meta-
bolic conversion into fluorescing PPIX in cells [39]. In-
terestingly, Stummer et al. [40] found that in glioma
surgery some patients with residual intraoperative fluo-
rescence showed no residual enhancement on post-oper-
ative MRI. Likewise, Widhalm et al. [41] found intraop-
erative 5-ALA fluorescence to be an accurate marker for
identification of anaplastic foci in gliomas with non-sig-
nificant contrast enhancement. Skjoth-Rasmussen et al.
[42] in a case report described the use of 5-ALA to assist
in the complete removal of a residual non-enhancing part
of a MB. At relook surgery, they found low intensity but
still valuable fluorescence of an infiltrative MB that failed
to enhance on post-contrast MRI, and reported that the
5-ALA was essential in obtaining GTR. Stummer et al.
[35],in a European survey of 78 paediatric patients, found
that contrast enhancement by itself did not reliably pre-
dict “useful” fluorescence.

As yet the mechanism behind the heterogeneity of flu-
orescence in MB remains unclear. In vitro studies have
demonstrated differences in the kinetics of PPIX accu-
mulation in different cell lines [30, 31], and theoretically,
the different MB molecular subgroups [13] could have
differing molecular metabolism [31, 32] which could ac-
count for the mixed fluorescence rates for MB. Addition-

Fig. 3. MRI and intraoperative images: Ependymoma. Top row:
Sagittal pre- and post-contrast MRI of ependymoma demonstrat-
ing significant contrast enhancement. Middle left: Axial post-con-
trast MRI revealing avid enhancement. Middle right: Post-opera-
tive MRI demonstrating GTR. Bottom left: White-light micro-
scopic view, demonstrates posterior aspect of cervico-medullary
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ally, in vitro studies by Puppa et al. [43] have shown that
different cellular subsets of MB may differ in PPIX accu-
mulation. Likewise, Briel-Pump et al. [21] demonstrated
that in MB cell lines, there is always a substantial number
of cells that remained negative, in comparison to glioblas-
toma cell lines in which nearly all cells became positive
for PPIX fluorescence. Whether such accumulating and
non-accumulating cells represent distinct subsets and
whether they contribute to the heterogenous appearance
of MB fluorescence remains to be determined. In our se-
ries, 4 of the classic MBs demonstrated strong fluores-
cence whereas 2 demonstrated heterogenous fluores-
cence and 1 had no intraoperative fluorescence. Both the
desmoplastic/nodular MB and the MB with extensive
nodularity had heterogenous fluorescence only. These re-
sults are similar across the literature in which the authors
report the histological subtype of MBs with approximate-
ly 25-50% of classic MBs displaying meaningful fluores-
cence [11, 35, 42, 44, 45]. The literature on the other sub-
types of MBs is scarce. Barbagallo et al. [46] reported min-
imal fluorescence of a desmoplastic MB, whereas we
found heterogenous but “useful” fluorescence in our sin-
gle case of desmoplastic MB. Burford et al. [47] found no
fluorescence in the single case of anaplastic MB that they
reported on. The difference in BBB permeability might in
part explain the difference in tumour fluorescence [48-
50] amongst different histology types; however, differing
molecular metabolism may prove to be more important.
Saito et al. [51] reported that in glioma cases multivariate
analysis showed that only isocitrate dehydrogenase 1 sta-
tus predicted 5-ALA fluorescence, whereas contrast en-
hancement did not.

The immunohistochemical expression of protein Ki-
67 is strongly associated with cellular proliferation and is
widely used to evaluate the mitotic index in tumours.
MBs are rapidly proliferating tumours, reflected typically
by a very high Ki-67 expression [52-54]. In our study, the
mean number of Ki-67 positive cells in the MB group was
57.2 (range 20-80). This is higher than the reviewed lit-
erature [52-60], but this high variability has been report-
ed in other studies [55, 56, 58]. Although the Ki-67 pro-
liferative index has been associated with aggressiveness
and patient survival in glioma patients, its prognostic sig-

junction (arrowhead) with ependymoma (arrow) protruding
through the 4th ventricle outlet. Bottom right: Heterogenous fluo-
rescence, with bright enhancement of tumour capsule as it pro-
trudes through 4th ventricle outlet. The tumour bulk and margin
demonstrated bright enhancement and was deemed “useful.”
GTR, gross total resection.
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nificance in MB is controversial [61, 62]. Ertan et al. [55],
in a report of 42 MBs, reported that Ki-67 had no impact
on prognosis, with similar findings being reported by Mi-
ralbell et al. [58] and Meurer et al. [54]. Conversely, Nam
et al. [63] found a high Ki-67 index to be associated with
a poorer outcome. Different groups, by stratifying their
results with a Ki-67 proliferation index above 20% [64],
30% [56], 40% [57], or 50% [59, 65] were able to show a
worse overall survival in the higher Ki-67 cohort. In our
study, the mean number of Ki-67 for ependymomas grade
ITwas 13 (range 2-20) and for ependymoma grade III was
25 (range 10-50). Several studies have found that Ki-67
correlated well with WHO tumour grade, tumour cellu-
larity, microvascular proliferation, and mitotic activity
[53, 66-69], with several studies also finding a significant
correlation between Ki-67 and survival/prognosis in the
ependymoma group [70-73].

Interestingly, in both ependymomas [38] and other
non-glioma CNS tumours [74, 75], the degree of fluores-
cence and proliferative index are not correlated, whereas
in gliomas fluorescence increases proportionally with tu-
mour grade and MIB-1 proliferative index [39, 76, 77].
Moschovi et al. [59] and Bennetto et al. [70] found a
strong linear correlation between Ki-67 index and the
density of new blood vessel formation in children with
MB and posterior fossa ependymomas respectively. De-
spite this angiogenesis, it appears that to a large extent an
intact BBB is efficient at preventing 5-ALA from entering
the brain [78], explaining the linear but not identical [39]
correlation between gadolinium-enhanced MRI and
PPIX florescence [79].

The “usefulness” of fluorescence-guided resection of
the common posterior fossa paediatric brain tumour
defined as “a change in surgical strategy or identifica-
tion of residual tumour based on 5-ALA fluorescence”
[35], has been found to be variable and not routinely
useful to the surgeon in a number of surgical series [11,
30,42, 44, 46, 80, 81]. Stummer et al. [35] in a multicen-
tre retrospective survey combining 78 cases found that
in supratentorial, strongly enhancing tumours, fluores-
cence was frequently “useful,” whereas in infratentorial
tumours fluorescence was less likely to be useful. In a
systemic review of 175 published cases, Schwake et al.
[34] demonstrated that 5-ALA-guided surgery had an
influence on the grade of resection (p < 0.001). We at-
tained post-operative MRI confirmed GTR in 73% of all
the tumours and a 17% NTR in the remainder. Fluores-
cence was determined to be useful in 63% of cases and
to be non-useful in 36% of cases. Neither strong fluo-
rescence nor subjective usefulness was statistically sig-
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nificant in predicting GTR. Interestingly, in 3 cases in
which the fluorescence was heterogenous, fluorescence
was still regarded as useful as it allowed identification
of infiltrative tumour within the cerebellar hemispheric
which otherwise looked normal under white-light mi-
croscopy alone.

Pharmacokinetic data for 5-ALA are not available for
paediatric subjects [82, 83]. However, according to the
general literature regarding the pharmacodynamics in
children [84], by 1 year of age the gastrointestinal absorp-
tion, hepatic, and renal clearance mechanisms approach
that of adult levels. Based on these data, significant phar-
macokinetic differences between children over the age of
1 year and adults are not expected [44]. For this reason,
with respect to dosing we chose to adhere to the adult
protocol of 20 mg/kg 5-ALA (Gliolan®). The 4 largest
series [11, 35, 44, 85] looking at the use of 5-ALA in the
paediatric group have also used this dosing regimen. Giv-
en the extremely low rate of side effects [11, 33-35, 44,
85] reported with this dose, it appears to be appropriate
for children aged over 1 year of age. Very few data are
available for children under the age of 1 year. The kinet-
ics of porphyrin synthesis however appears to be differ-
ent in paediatric CNS tumours, in particular MBs, as op-
posed to adult gliomas, in that in vitro MB cell lines ap-
pear to achieve their peak fluorescence at 6 h as opposed
to at 3 h for glioma cell lines [31]. For this reason, we
chose to administer the 5-ALA slightly earlier than in
adult practice, 4 h prior to predicted cutting time, such
that we could anticipate reaching peak fluorescence lev-
els during the predicted “critical” time of tumour margin
resection.

Limitations

The most significant limitation to our study was the
unavailability of molecular subtyping of MBs and epen-
dymomas at the time of the study. Molecular subtyping is
more likely to be predictive of fluorescence than any oth-
er single variable [51]. Additionally, quantifying fluores-
cence levels is subjective and suffers from intra-observer
and inter-observer variability [33]. Multiple classification
systems of 5-ALA fluorescence exist [86], and there is no
standard of reporting on diagnostic accuracy and clinical
utility [87]. A consensus on reporting standard is needed
and the addition of quantitative spectrometric analysis or
high-resolution microscopy should be considered [88,
89].
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Conclusions

We think that 5-ALA can be safely administered to
paediatric patients. We found strong fluorescence in 68%
ofall posterior fossa tumours, and fluorescence was found
to be useful in 63% of all patients. Statistically however
this did not influence the extent of resection. The rate of
fluorescence in the ependymoma group was significantly
higher than in the MB group. Our paper supports the
view that the routine use of 5-ALA might have a use in the
resection of CNS tumour in children, especially in chil-
dren with suspected or confirmed ependymoma; how-
ever, its routine use is not reliably useful and does not
alter resection status and thus likely outcomes.
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