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Abstract Introduction The improvement on the extent of resection (EOR) of gliomas with the
combination of 5-aminolevulinic acid (5-ALA) and intraoperative magnetic resonance
imaging (iMRI) has been demonstrated in previous studies. We present our results with
the combined use of 5-ALA and (iMRI) in the surgery of glial lesions.
Methods A total of 64 cases of patients with intracranial gliomas who underwent
image-guided surgery using 5-ALA with and without (iMRI) were reviewed. All patients
underwent an early postoperative MRI to evaluate the EOR. Other intra-operative
techniques (awake surgery, electrophysiological stimulation andmonitoring) were also
performed according to the location of the tumor.
Results Atotal of 18 tumors didnot show intraoperative5-ALAfluorescence (according to
the World Health Organization [WHO] classification of tumors, 2 WHO-grade I, 14 WHO-
grade II, 1 WHO-grade III and 1 WHO-grade IV), and 46 tumors showed intraoperative
5-ALA fluorescence (3 WHO-grade II, 3 WHO-grade III, 40 WHO-grade IV). In 28 of the 46
5-ALA positive cases, a safe 5-ALA free resection was achieved. In the 5-ALA negative cases,
the (iMRI) findings guided the EOR, and complete resection was achieved in 11 cases.
Complete resection was opted out in gliomas infiltrating eloquent areas.
Conclusions The combined use of 5-ALA and IMRI showed improved results in glioma
surgery, offering the safest maximal EOR. In the 5-ALA positive cases (mostly high-
grade), fluorescence was a more useful tool. In the 5- ALA negative cases (mostly low-
grade), the (iMRI) was decisive to guide the EOR of the tumor.

Resumo Introdução Emestudos anteriores, foi demonstradoumaperfeiçoamentonaextensãoda
resecção (EDR) de gliomas com a combinação de ácido 5-aminolevulínico (5-ALA) e a
imagem de ressonância magnética intraoperatória (iRM). Nossos resultados são apresen-
tados com o uso combinado de 5-ALA e (iRM) para a cirurgia de lesões gliais.
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Introduction

Extent of resection (EOR) is the most important prognostic
factor in glioma surgery,with complete resection of contrast-
enhanced areas in high-grade gliomas (HGGs), and fluid-
attenuated inversion recovery (FLAIR)/T2-weighted in low-
grade gliomas (LGGs), as the primary goal to improve the
outcome of the patient.1–3 Image-guided surgery is decisive
to achieve these benefits, besides being considered a part of
the standard care for patients with brain lesions.4 Intra-
operative imagingmodalities, particularly fluorescence with
5-aminolivulinic acid (5-ALA),5,6 seem to improve the EOR,
especially in HGGs. Also, the benefits of combining both tools
seem relevant to improve overall survival (OS) and progres-
sion-free survival (PFS).5–9

We present the first cohort study of patients who under-
went surgeries guided by a combination of 5-ALA and
intraoperative magnetic resonance imaging (iMRI) for intra-
cranial gliomas in Latin America. The indications, the safety
profile and the EOR based on preoperative image findings
were reviewed.

Methods

Between November 2015 and January 2018, 64 consecutive
5-ALA fluorescence-guided surgeries with or without iMRI
were performed for intracranial gliomas, which were preop-
eratively evaluated with magnetic resonance imaging (MRI),
perfusionmagnetic resonance (MR), andMR spectroscopy, at
Instituto de Neurologia de Curitiba (INC, in the Portuguese
acronym), Brazil. In Brazil, 5-ALA as a pure salt is registered
by the National Agency for Sanitary Vigilance (ANVISA, in the
Portuguese acronym) under the number CAS 0957, 106–60–
5 Brazilian Common Denomination (DCB, in the Portuguese
acronym) and is provided by Carbolution Chemicals (St.

Ingbert, Germany). All patients signed an informed consent
form, and the studywas approved by the Institutional Ethical
Review Board.

Preoperative Evaluation
Patients with intracranial masses are routinely evaluated
with standard MRI as well as with MR perfusion and spec-
troscopy. The use ofMR tractography and functionalMRIwas
evaluated according to the location of the lesion. Age, sex and
final histopathological diagnosis were considered for analy-
sis. Pre- and postoperative Karnofsky performance scale
(KPS) scores and follow-up status were also documented
for later studies concerning the OS and the PFS.

5-aminolivulinic Acid Protocol
An oral dose of 20 mg/kg of 5-ALAwas administered 3 hours
before surgery, according to standardized protocols.10 After
the administration, the patient is guarded from direct light
for 24 hours to avoid porphyria-like skin reactions. Besides
this, the preoperative care remained unchanged.

Intraoperative Care
Intraoperative image-guidance Brainlab Cranial Navigation
(Brainlab® Kick® Purely Navigation, Munich, Germany) was
used in all cases. Electrophysiological stimulation and mon-
itoring or awake surgery were performed for tumors in
eloquent areas. The Zeiss OPMI PENTERO 800 (Carl Zeiss,
Oberkochen, Germany) with a special blue-light filter was
used in all cases.

IntraoperativeMagnetic Resonance Imaging

The iMRI examswere performedwith a General Electric 1.5T
Signa Excite MR (General Electric Inc., Boston, MA, US). The
images were obtained according to the preoperative

Métodos Foram revisados 64 casos de gliomas intracranianos submetidos a cirurgia
guiada por imagem por meio do uso de 5-ALA, com ou sem RMI. Todos os pacientes
foram submetidos a ressonância magnética (RM) pré-operatória para a avaliação da
EDR do tumor. Outras técnicas intraoperatórias (cirurgia acordado, estimulação
eletrofisiológica e monitoração) também foram realizadas segundo a localização do
tumor.
Resultados Um total de 18 tumores não apresentaram fluorescência com o 5-ALA
(segundo a classificação de tumores da OrganizaçãoMundial de Saúde [OMS], 2 com grau
OMS I, 14 com grau II, 1 com grau III e 1 com grau IV) e 46 tumores foram fluorescentes
(3 comgrau II, 3 comgrau III, 40 comgrau IV). Dos 46 casos positivos para 5-ALA, em28 foi
obtida uma ressecção segura e livre. Nos casos negativos para 5-ALA, os achados da (iRM)
orientaram a EDR, e alcançou-se ressecção total em 11 casos. A ressecção total foi
descartada em gliomas com infiltração em áreas eloquentes.
Conclusões O uso combinado de 5-ALA e (iRM) mostrou melhores resultados na
cirurgia de gliomas, oferecendo uma EDR de segurança máxima. Nos casos positivos
para 5-ALA (a maioria de grau alto), a fluorescência mostrou-se um instrumento mais
útil. Nos casos negativos para 5-ALA (a maioria de grau baixo), a RMI foi decisiva para
orientar a EDR tumoral.
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diagnosis: T1-, T2-, diffusion-weighted and FLAIR images for
non-gadolinium-enhancing lesions (mostly low-grade
tumors) and T1-, gadolinium-enhanced T1-, T2-, and diffu-
sion-weighted images for gadolinium-enhancing lesions
(mostly high-grade tumors).

Classification of 5-aminolivulinic Acid Extent
of Resection

The fluorescence of the lesion was classified as 5-ALA posi-
tive (►Fig. 1) or 5-ALA negative. For positive cases, intra-
operative tumor resection was classified as ‘5-ALA free’
when all fluorescent areas were resected, or ‘residual 5-
ALA ’ when residual fluorescent tissue was left to avoid
postoperative deficits. An additional category of ‘5-ALA
suspicious’ was added for the cases in which the coloration
at the end of the resection showed a weak fluorescence that
the surgeon was not able to adequately evaluate as residual
or as a mere infiltration of adjacent tissues.

Classification of the Intraoperative Magnetic
Resonance Imaging Extent of Resection

For 5-ALA negative cases, and for some 5-ALA positive or
suspicious cases, an IMRI exam was performed, and the
image findings were classified as complete or partial resec-
tion by an experienced team of neuroradiologists (►Fig. 2).

Postoperative Care
A complete brain MRI protocol was performed in the first
24 hours after surgery.

Results

A total of 62 patients underwent 64 surgeries for intracranial
glioma during the period covered by the present study. The
samplewas composed of 43male and 21 female patients. The
mean age was 51.25 years. All patients had a preoperative
KPS > 70% at the time of the procedure. ►Table 1 summa-
rizes the 5-ALA and the IMRI EOR results.

Classification Based on 5-aminolivulinic Acid
Fluorescence

18 of the 64 cases (28.1%) were 5-ALA negative and 46
(71.9%) were 5-ALA positive.

5-aminolivulinic Acid Positive Cases and Extent of
Resection
Of the 46 cases 5-ALA positive cases, 18 (39.1%) achieved 5-
ALA free resection; 18 (39.1%) achieved residual 5-ALA status;
and in 10 cases (21.7%), the resection was classified as 5-ALA
suspicious, and the patients underwent a further iMRI exam
that confirmed complete tumor removal in all cases.

5-aminolivulinic Acid Negative Cases and
Extent of Resection Based on Intraoperative
Magnetic Resonance Imaging

The patients underwent iMRI exams, which showed com-
plete resection in 11 (61.1%) cases, and partial resection in
7 (38.9%) cases.

There were no complications related to the method in our
series. The cases of partial tumor resection were due to an
infiltration of eloquent areas.

Histopathological Findings and 5-aminolivulinic Acid
Fluorescence
Of the 18 5-ALA negative cases, there was 1 case of pilocytic
astrocytoma and 1 of angiocentric glioma (both World
Health Organization [WHO] grade I), 14 cases of WHO grade
II gliomas, 1 case ofWHO grade III glioma, and 1 case ofWHO
grade IV glioma. Of the 46 5-ALA positive cases, there were 3
cases of WHO grade II gliomas, three cases of WHO grade III
gliomas, and 40 cases of WHO grade IV gliomas. (►Table 2)

Discussion

The goal of surgical resection in brain gliomas is based on
two principles: maximal tumor resection and functional
preservation. Gross total resection (GTR) of HGGs and
LGGs increases the median survival rate by 200% and 160%
respectively, when compared of the survival rates of patients
subjected to subtotal resection (STR).11,12 Gross total resec-
tion increases in 61% the likelihood of 1year survival, and
increases in 51% the likelihood of 12-month PFS when
compared with STR in newly-diagnosed glioblastoma.13

Nonetheless, an STR of at least 70% has shown to improve
the OS and seizure control, when seizures are present.11

Intraoperative magnetic resonance imaging emerged in
the 1990s,14–16 and has become an essential tool in glioma
surgery, allowing neurosurgeons to evaluate in real time the
EOR and the feasibility of continuing resection without

Fig. 1 Surgery of a high-grade glioma with 5-ALA using white-light microscopy (A) and blue-light filter (B). Note the red fluorescence of the
lesion. Arrowheads showing weak pink fluorescence, which is suggestive of infiltration.
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disturbing eloquent areas. This has enabled an EOR of 99.78%
in tumors adjacent to eloquent areas,17 but the associated
costs and logistics required for this procedure has limited its
use in most centers around the world.18

In 1998, the first series of intracranial tumors operated on
with 5-ALA was reported.19,20 A total of 44 clinical studies
using 5-ALA for glioma surgery have been published; these
have demonstrated a GTR of 65% with 5-ALA compared to a
GTR of 35% for the group operated onwithout fluorescence.21

In addition, an increase in the PFS of 3.8 months in the 5-ALA
groupwas also achieved.21 Complete resections and improved
PFS were more frequently achieved with 5-ALA when com-
pared to white light-only resections, which have a higher risk
of early transient neurological deterioration.22,23 For 5-ALA
fluorescence and low-field iMRI, class I evidence derived both
from randomized and controlled trials has demonstrated an

Fig. 2 Preoperative and intraoperative magnetic resonance imaging (MRI) of a right frontal glioblastoma, showing complete resection of the
contrast-enhancing lesion, which correlated with an intraoperative 5-ALA-free resection.

Table 1 Classification and results of 5-aminolevulinic acid
fluorescence

5-ALA status iMRI

EOR Negative: 18 Complete: 11

Partial: 7

Positive: 46 Free: 18 Complete: 7

Partial: 0

Not Performed: 11

Residual: 18 Complete: 0

Partial: 5

Not Performed: 13

Suspicious: 10 Complete: 10

Partial: 0

Abbreviations: 5-ALA, 5-aminolevulinic acid; EOR, extent of resection;
iMRI, intraoperative magnetic resonance imaging

Table 2 Histopathological findings and 5-aminolevulinic acid

5-ALA positive 5-ALA negative Total

Grade I 0 2 2

Grade II 3 14 17

Grade III 3 1 4

Grade IV 40 1 41

Abbreviation: 5-ALA, 5-aminolevulinic acid.
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Table 3 Surgical information of 64 cases

Sex, Age Histopathological diagnosis WHO grade 5-ALA fluorescence 5-ALA EOR IMRI EOR PO MRI EOR

M, 73 Glioblastoma IV Positive Free C C

F, 34 Diffuse astrocytoma II Positive Residual N/P P

F, 70 Glioblastoma IV Positive Suspicious C C

F, 63 Glioblastoma IV Positive Residual N/P P

M, 35 Glioblastoma IV Positive Free C C

M, 31 Glioblastoma IV Positive Residual P P

F, 71 Glioblastoma IV Positive Suspicious C C

M, 74 Glioblastoma IV Positive Residual N/P P

M, 58 Glioblastoma IV Positive Free N/P C

M, 23 Diffuse astrocytoma II Negative N/A C C

M, 17 Pilocytic astrocytoma I Negative N/A C C

F, 26 Diffuse astrocytoma II Negative N/A P P

M, 52 Glioblastoma IV Negative N/A C C

M, 73 Glioblastoma IV Positive Suspicious C C

M, 58 Glioblastoma IV Positive Suspicious C C

M, 69 Diffuse astrocytoma II Positive Free C C

M, 71 Glioblastoma IV Positive Suspicious C C

M, 51 Glioblastoma IV Positive Suspicious C C

M, 60 Glioblastoma IV Positive Residual N/P P

M, 35 Diffuse astrocytoma II Negative N/A P P

F, 56 Anaplastic astrocytoma III Positive Residual N/P P

F, 30 Diffuse astrocytoma II Negative N/A C C

M, 73 Glioblastoma IV Positive Free N/P C

F, 58 Glioblastoma IV Positive Free N/P C

M, 51 Glioblastoma IV Positive Free N/P C

M, 52 Glioblastoma IV Positive Residual N/P P

M, 59 Anaplastic oligodendroglioma III Positive Residual N/P P

M, 57 Glioblastoma IV Positive Residual P P

F, 46 Glioblastoma IV Positive Suspicious C C

M, 52 Glioblastoma IV Positive Residual P P

M, 31 Glioblastoma IV Positive Residual P P

F, 65 Glioblastoma IV Positive Free N/P C

M, 50 Oligodendroglioma II Negative N/A C C

M, 50 Oligodendroglioma II Negative N/A C C

F, 74 Glioblastoma IV Positive Free N/P C

M, 32 Diffuse astrocytoma II Positive Free N/P C

M, 69 Diffuse astrocytoma II Negative N/A P P

M, 45 Glioblastoma IV Positive Free C C

F, 71 Glioblastoma IV Positive Residual N/P P

F, 39 Glioma with astroblastoma-
like components

IV Positive Free N/P C

M, 52 Anaplastic astrocytoma III Negative N/A C C

M, 62 Glioblastoma IV Positive Suspicious C C

M, 38 Glioblastoma IV Positive Residual N/P P
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increase in the EOR.23,24 However, some authors have shown
conflicting results. Hauser et al,7 using both iMRI and 5-ALA,
found contrast-enhancement after complete resection of fluo-
rescent tissue in 91.7%of thepatients, and the use of 5-ALAdid
not improve the OS or the PFS. Tsugu et al5 reported a similar
EOR on postoperative 1.5-T MRI between the groups of fluo-
rescence only (91.8%) versus fluorescence plus subsequent
iMRI (92.6%). Eyüpoglu et al25 reported an improved EOR by
combining 5-ALA and iMRI in malignant gliomas close to
eloquent areas, with residual tumors observed on iMRI exams
in 32.4% of the patients upon completion of 5-ALA-guided
resection. They proposed that the missing fluorescent areas
were due to layers of overlying, non-fluorescent tissue. Cobur-
ger et al26 reported a significant advantage of 5-ALA fluores-
cence over iMRI,with higher rates of sensitivity (91% for 5-ALA
versus 66% for iMRI) and specificity (80% for 5-ALAversus 60%
for iMRI).

In thepresent article, 5-ALAwasused inall cases (►Table 3),
but its indication can be based on preoperative MRI (including
advancedMRI techniques), suggestinganHGG.Tumorswithout
contrast enhancement and without ‘hot areas’ on MRI perfu-
sion, suggesting a low-grade lesion, canbechosen for iMRI only.
The results of the 5-ALA response and of the histopathological
findings in our series are in line with the literature.

Incases inwhich5-ALAwasnegative, iMRIwas immediately
used to evaluate the EOR. Moreover, the ‘residual 5-ALA’
patients who underwent an iMRI exam had an early corrobo-
ration of residual tumor, which was directly related with the
non-resected strong red fluorescent tissue. Zones with weak
fluorescence (pink), although representing a tissue-infiltrating
tumor, do not necessarily correspond to a residual lesion in the
iMRI evaluation. In our series, the choice for iMRI in 5-ALA
positive cases was based on the suspicion of these areas.27–30

As discussed before, both methods, 5-ALA and iMRI, can work
insynergyespecially to clarifydubious transoperativefindings.
The choice ofoneof themethodsmaybebasedonpreoperative
imagefindings and costs limitations. The OS and the PFS of our
series will be the subject of a later publication.

Conclusion

In glioma surgery, 5-ALA fluorescence and iMRI are essential
tools for safe tumor removal, increasing GTR and, possibly,
resulting in an improvement in the PFS. For 5-ALA positive
tumors, mostly HGGs, fluorescence could guide the EOR, and
the iMRI could work in synergy if the neurosurgical team
considers it necessary. On the other hand, 5-ALA negative
tumors, mostly LGGs, directly benefited from the use of iMRI

Table 3 (Continued)

Sex, Age Histopathological diagnosis WHO grade 5-ALA fluorescence 5-ALA EOR IMRI EOR PO MRI EOR

F, 56 Glioblastoma IV Positive Residual N/P P

M, 32 Diffuse astrocytoma II Negative N/A C C

M, 23 Angiocentric glioma I Negative N/A C C

M, 43 Diffuse astrocytoma II Negative N/A P P

M, 53 Oligodendroglioma II Negative N/A P P

F, 53 Oligodendroglioma II Negative N/A P P

M, 64 Oligodendroglioma II Negative N/A C C

F, 55 Glioblastoma IV Positive Suspicious C C

M, 35 Diffuse astrocytoma II Negative N/A P P

M, 40 Anaplastic oligodendroglioma III Positive Free N/P C

F, 54 Glioblastoma IV Positive Suspicious C C

M, 46 Glioblastoma IV Positive Free C C

M, 51 Glioblastoma IV Positive Residual N/P P

M, 49 Glioblastoma IV Positive Residual N/P P

F, 39 Glioma with astroblastoma-
like components

IV Positive Residual N/P P

M, 54 Glioblastoma IV Positive Free C C

M, 75 Glioblastoma IV Positive Free N/P C

F, 29 Diffuse astrocytoma II Negative N/A C C

F, 73 Glioblastoma IV Positive Residual P P

M, 41 Glioblastoma IV Positive Free N/P C

M, 51 Glioblastoma IV Positive Free N/P C

Abbreviations: 5-ALA, 5-aminolevulinic acid; C, complete removal; EOR, extent of resection; F, female; iMRI, intraoperative magnetic resonance
imaging; M,male; iRM, magnetic resonance imaging; N/P, not performed; N/A, not applicable; P, partial removal; PO, postoperative; WHO, World
Health Organization.
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to improve the EOR. Both methods canwork in harmony and
with a safe and practical learning curve for the neurosurgical
team.
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