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Abstract Stereotactic biopsies represent a routine neurosur-
gical procedure for the diagnosis of intracranial lymphomas
and selected diffusely infiltrating gliomas. Acquisition of
tissue samples that do not allow correct tumor typing and
grading is, however, not uncommon. Five-aminolevulinic
acid (5-ALA) has been shown to accumulate in malignant
tumor tissue. The aim of this study was to prospectively
investigate the clinical usability of 5-ALA for intraoperative
detection of representative tissue in stereotactic tumor biop-
sies. Fifty consecutive patients underwent frameless stereo-
tactic biopsy for a suspected brain tumor. 5-ALA was
administered 4 h before anesthesia. Serial biopsy samples
were obtained and intraoperatively checked for 5-ALA fluo-
rescence (strong, vague, or none) using a modified neuro-
surgical microscope. All samples were examined for the
presence of representative tumor tissue according to neuro-
imaging (MRI, positron emission tomography, and/or

chemical shift imaging) and histopathological parameters.
Visible 5-ALA fluorescence was observed in 43/50 patients
(strong in 39 and vague fluorescence in four cases). At biopsy
target, 52/53 samples of glioblastomas, 9/10 samples of glio-
mas grade III, and 14/16 samples of lymphomas revealed
strong 5-ALA fluorescence. Samples with strong 5-ALA
fluorescence were only observed at, but not outside the biopsy
target. All tissue samples with strong 5-ALA fluorescence
were representative according to our neuroimaging and histo-
pathological criteria (positive predictive value of 100%). Our
data indicate that strong 5-ALA fluorescence is a reliable and
immediately available intraoperative marker of representative
tumor tissue of malignant gliomas and intracranial lympho-
mas in stereotactic biopsies. Thereby, the application of 5-
ALA in stereotactic brain tumor biopsies may in future reduce
costs for operating room and neuropathology and may
decrease procedure-related morbidity.
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Introduction

Although stereotactic biopsies are well-established for the
diagnosis of intracranial lymphomas and selected cases of
diffusely infiltrating gliomas (DIG), specific shortcomings
are inherent to this standard neurosurgical procedure: (1)
The acquisition of non-diagnostic samples from outside the
viable tumor volume (such as necrotic/gliotic tissue or nor-
mal white matter), which has been reported in up to 24% of
stereotactic biopsy series [3, 4, 11, 38], with the need for a
second neurosurgical intervention. Typical causes for this
technical failure are registration inaccuracy or patient move-
ment due to an inadequate holding of the head. (2) The
acquisition of non-representative tumor samples, which
has been reported in up to 64% of biopsies [1, 16, 24], that
do not allow the correct tumor typing and grading of DIG.
This is typically caused by inappropriate definition of the
target during the planning phase. Histopathological under-
grading and non-diagnostic biopsies may subsequently im-
pede allocation of patients to adequate adjuvant treatments.

Therefore, intratumoral serial biopsies [18, 19, 33, 37] and
intraoperative neuropathological assessment [4, 11, 14, 33]
are commonly applied to improve the diagnostic yield and
accuracy of stereotactic biopsies. These techniques, however,
are associated with major drawbacks: (1) Intraoperative neu-
ropathological assessment is time consuming, costly, and
generally not permanently available; [4, 9, 29] (2) Acquisition
of serial biopsies is associated with an increased risk of
intracranial hemorrhages [5, 28], which have been reported
in 0.3–59.8% of cases [3, 8, 10, 19–21] and contribute con-
siderably to the reported morbidity of 0–16.1% [4, 6, 11, 20,
23, 33] and mortality of up to 3.9% [3, 4, 11, 20, 23, 33] of this
minimally invasive procedure.

Therefore, safe alternative techniques to improve the diag-
nostic yield and accuracy of stereotactic biopsies are warranted.

Five-aminolevulinic acid (5-ALA) leads to intracellular
accumulation of fluorescing protoporphyrin IX, especially
in malignant glioma tissue which can be visualized by
specifically modified neurosurgical microscopes. 5-ALA is
primarily applied for fluorescence-guided resection of ma-
lignant gliomas [31]. Recently, 5-ALA has been identified
also as a promising intraoperative marker, that is unaffected
by brain-shift, for visualization of anaplastic foci in DIG
with non-significant contrast-enhancement (CE) [35].
Furthermore, 5-ALA fluorescence was reported also in
malignant non-glial tumors [7, 13].

Based on the observation by Hefti et al. [13], who first
described the successful application of 5-ALA in ten

stereotactic biopsies for malignant gliomas, we designed
the present study to investigate the clinical usability of 5-
ALA for intraoperative detection of representative tissue
samples in stereotactic biopsies for suspected brain tumors.

Methods

Study cohort

Our study cohort consists of a consecutive series of 50
patients who underwent 5-ALA controlled stereotactic bi-
opsy for diagnosis of a suspected brain tumor at the Depart-
ment of Neurosurgery, Medical University Vienna between
April 2008 and May 2011. All patients gave informed
consent and this clinical prospective study was approved
by the ethics committee of the Medical University Vienna
(for patients characteristics, see Table 1).

WHO grading and typing

In the 50 patients, DIG was diagnosed in 39 cases: 6 WHO
grade II (3 astrocytomas, 2 oligodendrogliomas and 1 oli-
goastrocytoma), 8 WHO grade III (7 astrocytomas and 1
oligodendroglioma), and 25 WHO grade IV gliomas, re-
spectively. Of the remaining 11 patients, 7 were diagnosed
as primary central nervous system lymphoma and 4 patients
with brain metastasis.

Preoperative imaging

Preoperative imaging was performed within 2 weeks prior to
stereotactic biopsy (Table 1).

Magnetic resonance imaging All patients were examined
on a 3 Tesla scanner (Tim Trio, Siemens, Erlangen, Germany)
using our routine magnetic resonance imaging (MRI) protocol
for brain tumors with axial fluid-attenuated-inversion-recovery
sequences, diffusion-weighted images, axial, coronal T1- and
T2-weighted sequences, and contrast-enhanced axial, coronal
and sagittal T1-weighted sequences. The pattern of CE of all
tumors was classified by two neuroradiologists (D.P.,J.F.) as
being significant (nodular or ring-like) or non-significant (none
or patchy/faint).

¹¹C-methionine-positron emission tomography To detect
potential anaplastic foci as the optimal biopsy target, ¹¹C-
methionine-positron emission tomography (PET) was per-
formed preoperatively in DIG with non-significant CE. The
intratumoral area with highest pathological tumor-to-
normal-brain ratio, reflecting most tracer uptake, was
defined as PETmax and used as biopsy target (for detailed
description, see [27, 34]).
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Chemical shift imaging If PET was unable to depict an area
of increased intratumoral metabolism, the intratumoral area
with highest pathologic chemical shift imaging (CSI) cho-
line/N-acetyl-aspartate ratio, reflecting the most abnormal
metabolite ratio, was defined as CSImax and used as biopsy
target (for detailed description, see [34]).

5-ALA management

All patients received 5-aminolevulinic acid hydrochloride
(Biosynth® AG, Switzerland) at 20 mg/kg body weight 4 h
before anesthesia. We use a modified neurosurgical micro-
scope (NC4/Pentero, Carl Zeiss Surgical GmbH, Oberkochen,
Germany) with the feasibility to switch from conventional

white light to violet-blue excitation light for detection of
potential 5-ALA fluorescence [32]. According to Stummer
et al. [30], two clearly discernible fluorescence qualities can
be distinguished: (1) Strong (0solid) fluorescence as charac-
terized by a vivid red fluorescence impression and (2) vague
fluorescence as defined by a less vivid pink fluorescence
(Fig. 1). Each biopsy sample was evaluated for the determi-
nation of the fluorescence status (strong, vague, none) by two
independent observers (G.W., S.W.).

To avoid potential skin phototoxicity after 5-ALA appli-
cation, all patients were protected from light sources for 24 h
postoperatively.

Stereotactic biopsies

Navigation-guided frameless stereotactic biopsies (Stealth
Station Cranial Mach 5; Medtronic, CO, USA) were per-
formed in all patients. The biopsy target was defined as
follows:

Lesions with significant CE Contrast-enhancing area (nodular
part or contrast-enhancing ring).

Lesions with non-significant CE Anatomical MR images
were co-registered with PET or CSI on the navigation work-
station: PETmax or CSImax were selected as biopsy target.

All procedures were performed under general anesthesia.
After fixation of the patient in the head clamp, registration
of the navigation system was performed using surface reg-
istration or anatomical landmarks [36]. Under sterile con-
ditions, the navigation biopsy arm was fixed to the head
clamp, the biopsy needle was registered and aligned with the
predefined trajectory. After skin incision, placement of a
burr hole, and local opening of the dura, the navigated
biopsy needle was advanced to the target by “real time”
navigation and serial samples were taken at +5, 0, −5, and
−10 mm from the target if appropriate. Between one and
four tissue samples were taken from the same level.

For each sample, the needle insert was withdrawn
and the 5-ALA fluorescence status of the obtained spec-
imen was checked with violet-blue excitation light of a
sterile microscope in the darkened operating room. This
check-up for 5-ALA fluorescence took less than 10 s.
All samples were labelled according to the 5-ALA fluo-
rescence status as 5-ALA positive (strong or vague) or
5-ALA negative. One target sample was immediately
sent for intraoperative histology (frozen section and/or
smear preparation), all other samples were formalin-fixed and
paraffin-embedded and routinely processed for definitive
histopathological workup.

For assessment of accuracy, 0.5 ml of air was injected
at the biopsy target, and the position of the small air
bubble on postoperative computerized tomography (CT)

Table 1 Patient characteristics

n

Number of patients 50

Gender Male:female 1:1.38

Age (years) Median (range) 62 (20–84)

Tumor localisation Temporal 10

Multifocal 11

Frontal 9

Parietal 6

Central 4

Occipital 4

Thalamic 4

Brainstem 2

MRI contrast-enhancement Significant 39

Ring-like 26

Nodular 13

Non-significant 11

Patchy/faint 6

None 5

Target definition MR CE 39

PET 8

CSI 3

Maximum fluorescence at target Strong 39

GBM (WHO °IV) 25/25

HGG (WHO °III) 7/8

Lymphoma 7/7

Vague 4

HGG (WHO °III) 1/8

Metastasis 3/4

None 7

LGG (WHO °II) 6/6

Metastasis 1/4

MR CE contrast-enhancement on MRI, PET positron emission tomog-
raphy, CSI chemical shift imaging, GBM glioblastoma, HGG high-
grade glioma, LGG low-grade glioma

Neurosurg Rev (2012) 35:381–391 383



was later topographically correlated with the target on co-
registered preoperative T1-weighted contrast-enhanced
MRI [23].

Finally, the needle was removed and the procedure was
terminated. All stereotactic procedures were performed by
two neurosurgeons (G.W.,S.W.). In eight cases, microsurgical
tumor resection was performed after stereotactic biopsy
as described previously [34].

A CT of the brain was routinely performed on first
postoperative day.

Neuropathology

Histopathological tumor diagnosis was established by the
local neuropathology team (J.A.H, A.W.) according to the
WHO 2007 criteria [22] on a multi-headed microscope. The
neuropathologists were blinded to the 5-ALA fluorescence
status.

A tissue sample was considered representative if histo-
pathology allowed—in conjunction with the neuroimaging

features (MRI, PET, and/or CSI)—the correct typing and
grading of a given tumor:

1. Lymphomas and metastases: presence of malignant
lymphatic or epithelial cells (given contrast-enhancing
lesion on MRI).

2. Glioblastoma (GBM): presence of a malignant glioma
AND necrosis and/or endothelial proliferation, WHO
grade IV (given ring-like CE on MRI).

3. High-grade glioma (HGG): diffuse glioma with in-
creased cellularity, nuclear atypia, and marked prolifer-
ative activity, WHO grade III (given non-significant or
significant nodular CE but no central hypointensity on
T1-weighted contrast-enhanced MRI).

4. Low-grade glioma (LGG): well-differentiated glioma
tissue (WHO grade II) taken from the PETmax or
CSImax within DIG with non-significant CE as described
previously [34].

In cases, where the tumor was resected after biopsy, the
tumor bulk was systematically analyzed for anaplastic tissue

Fig. 1 Macroscopic tissue appearance and corresponding 5-ALA fluo-
rescence status and histopathology (hematoxylin/eosin stain, HE, orig-
inal magnification ×100) of the obtained biopsy cylinders in different
locations of a glioblastoma: a Specimen from outside the tumor (gray/
white matter interface): Macroscopic appearance reveals no abnormal-
ities, 5-ALA is negative and HE shows only slightly increased cellu-
larity. b Biopsy cylinder from the white matter in the non-contrast-
enhancing tumor periphery: The specimen shows slight macroscopic
pathological features, is of vague 5-ALA fluorescence and HE shows

non-representative infiltrating tumor tissue. c Specimen from the
contrast-enhancing tumor part (0biopsy target): The specimen clearly
depicts pathologic macroscopic appearance, shows strong 5-ALA fluo-
rescence and corresponds to representative glioblastoma tissue includ-
ing increased cellularity, high mitotic activity, endothelial proliferation,
and focal necrosis. d Specimen from the central necrosis: biopsy
cylinder reveals brown/red appearance, 5-ALA is negative and HE
depicts necrotic tissue
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to confirm the initial subtyping and grading of the stereotactic
biopsy samples.

Statistical analysis

For statistical analyses, SPSS® version 16.0 software (SPSS
Inc., Chicago, Illinois, USA) was used. Sensitivities, specif-
icities, positive and negative predictive values for fluores-
cence status and histopathological representativity and the
95% confidence interval were calculated.

Results

The stereotactic biopsy using 5-ALA was feasible and
accurate in all cases as assessed by the air bubble
location at the target on postoperative CT co-registered
with preoperative MRI. Altogether, 150 samples were
collected from stereotactic biopsies of 50 patients (median 3,
range 1–7 samples): 104 tissue samples were taken from the
target and 46 specimes from outside the target. According to
the independent judgement of the two performing neurosur-
geons, strong 5-ALA fluorescence was clearly discernable
from vague fluorescence in all fluorescing samples of our
study. We never found ambiguous findings in the interpreta-
tion of a strong versus vague fluoresceing biopsy tissue sam-
ple between the two observers.

5-ALA fluorescence of biopsy target tissue

The biopsy tissue cylinders at the target showed visible 5-
ALA fluorescence in 43/50 patients (strong in 39 and vague
fluorescence in 4 cases). Strong 5-ALA fluorescence (n075
samples) was only observed at the biopsy target, never
outside the target (Table 2).

DIG At target, 52/53 samples of GBM and 9/10 specimens
of HGG revealed strong 5-ALA fluorescence, in the remain-
ing samples vague fluorescence was observed. No sample at
the target of GBM or HGG was 5-ALA negative. All 19
samples of LGG were 5-ALA negative.

Non-glial tumors All 16 samples at the target of lymphomas
showed 5-ALA fluorescence (strong in 14 and vague fluo-
rescence in two samples). In none of the six samples of brain
metastases, strong fluorescence was identified at the target:
Three of these samples showed vague and three no 5-ALA
fluorescence.

5-ALA fluorescence of tissue outside the target

None of the 46 samples taken from serial biopsies outside
the target revealed strong fluorescence (vague in 14 and no

fluorescence in 32 samples). In GBM, all 11 samples from
the low intensity center on MRI were 5-ALA negative.
Eight of 18 samples from the non-contrast-enhancing pe-
riphery of GBM showed vague fluorescence. It is of note
that three samples from outside the target of metastases
revealed vague fluorescence as well.

Correlation of strong 5-ALA fluorescence and CE on MRI,
PET, and CSI

All DIG with ring-like or nodular CE on MRI revealed
strong 5-ALA fluorescence at biopsy target. Strong 5-ALA
fluorescence was never observed in DIG with no CE. All
lymphomas showed nodular CE and revealed strong 5-ALA
fluorescence. In contrast, none of the patients with metasta-
sis with ring-like or nodular CE showed strong 5-ALA
fluorescence. In gliomas with non-significant CE (n011),
4/8 tumors showed strong fluorescence in the PETmax (all
were WHO grade III). In the remaining three gliomas with
negative PET, none of the patients showed strong fluorescence
in the CSImax (all were WHO grade II) (Table 3).

Histopathology representative samples

All samples from the target (n0104) contained diagnostic
tumor tissue as evaluated by intraoperative histology and
were found representative at definitive postoperative histo-
pathological work-up in conjunction with the neuroimaging
parameters. All tissue samples with strong 5-ALA fluores-
cence were derived from the target and were representative
according to our neuroimaging and histopathological crite-
ria. The positive predictive value of a strong fluoresceing
sample for representative tumor tissue was therefore 100%
(Table 4; Fig. 2).

GBM All samples from the target were representative and
showed strong or vague fluorescence. All samples from the
low intensity center on MRI were 5-ALA negative and
histopathologically corresponded to necrosis. Of the eight
vague fluoresceing samples from the non-contrast-enhancing
periphery, four corresponded histologically to represen-
tative tumor tissue, the remaining four to infiltrating tumor
tissue.

HGG All samples from the target were representative and
showed strong or vague fluorescence. Of the three vague
fluoresceing samples from outside the target, one corre-
sponded histologically to representative tumor tissue, the
remaining two to LGG tissue.

LGG All samples from serial biopsies of LGGwere represen-
tative and none of them revealed visible 5-ALA fluorescence.
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Lymphomas All samples from the target were representative
and showed strong or vague fluorescence. The two samples
from outside the target revealed non-fluoresceing white matter.

Metastases At target, all samples were representative and
none of them revealed strong fluorescence. Outside the
target, 3/8 samples had vague fluorescence and all were
non-representative.

Tumor resection after biopsy

In 11/50 patients, tumor resection was performed after initial
stereotactic biopsy: In eight cases, stereotactic biopsy was
performed immediately before tumor resection and the three
remaining patients underwent tumor resection in a separate

procedure within 2 weeks after stereotactic biopsy. In all
cases, the histopathology of the open surgery confirmed the
previous histopathological diagnosis of the biopsy with
regard to tumor type and grade.

Complications of stereotactic biopsies

Procedure-related morbidity due to a symptomatic intrace-
rebral hemorrhage was observed in 3/50 patients (6%). One
patient required neurosurgical evacuation of the hemorrhage
and one patient underwent conservative management; both
patients recovered to preoperative condition. The third pa-
tient with an extensive brain stem GBM developed a post-
hemorrhagic hydrocephalus with the need for cerebrospinal
fluid shunting. There was no-procedure related mortality.

Table 2 Relationship of biopsy
site and 5-ALA fluorescence
status

CE contrast-enhancement, PET
positron emission tomography,
CSI chemical shift imaging,
GBM glioblastoma, HGG high-
grade glioma, LGG low-grade
glioma

Diagnosis/biopsy site Patients Samples per patient Fluorescence status

Mean
(range)

Samples
overall

Strong Vague None

n n (%) n (%) n (%)

GBM 25 3 (1–7)

Target: CE on MRI 53 52 (98) 1 (2) – –

Low intensity center on MRI 11 – – – – 11 (100)

Non-CE periphery 18 – – 8 (44) 10 (56)

HGG (WHO °III) 8 2 (1–4)

Target: CE on MRI or PET/CSImax 10 9 (90) 1 (10) – –

Tumor outside target 6 – – 3 (50) 3 (50)

LGG 6 3 (2–7)

Target: PET/CSImax 19 – – – – 19 (100)

Tumor outside target 1 – – – – 1 (100)

Lymphoma 7 3 (1–4)

Target: CE on MRI 16 14 (88) 2 (12) –

Non-CE periphery 2 – – – – 2 (100)

Metastasis 4 4 (2–7)

Target: CE on MRI 6 – – 3 (50) 3 (50)

Non-CE periphery 8 – – 3 (37) 5 (63)

Table 3 Predictive relationship of strong 5-ALA fluorescence and
contrast-enhancement on MRI

Strong 5-ALA fluorescence

CE DIG Lymphomas Metastasis

n039 (%) n07 (%) n04 (%)

Ring-like 25/25 (100) – 0/1 (0)

Nodular 3/3 (100) 7/7 (100) 0/3 (0)

Patchy/faint 4/6 (67) – –

None 0/5 (0) – –

CE contrast-enhancement, DIG diffusely infiltrating glioma

Table 4 Predictive relationship of strong 5-ALA fluorescence and
representative specimens

Factor Representative specimens

Percentage (95% CI)

Sensitivity 69% (60–77)

PPV 100% (95–100)

Specificity 100% (91–100)

NPV 55% (43–65)

PPV positive predictive value, NPV negative predictive value, CI
confidence interval
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Adverse events of 5-ALA application

No side effects of 5-ALA were observed in any patient.

Discussion

In the present study, we prospectively investigated the clinical
value of 5-ALA for detection of representative tissue samples
in stereotactic tumor biopsies. We observed that all tissue
samples with strong 5-ALA fluorescence were representative
according to neuroimaging and histopathological criteria.

Despite advances in imaging techniques, stereotactic bi-
opsy is still an indispensable technique for establishing a
definitive diagnosis and for planning of further treatment. In
this respect, the aim of a stereotactic tumor biopsy is to
acquire tissue that is representative for the given pathologic
process and thereby enables the diagnosis of the correct
tumor type and accurate tumor grade to assign patients to
the correct treatment.

Currently, most series evaluate the success rate of stereo-
tactic biopsies by “the percentage of cases in which a
definitive histopathological diagnosis could be reached”
[1, 2]. This so-called “diagnostic yield” has been reported
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Fig. 2 Fraction of representative versus non-representative biopsy
tissue samples in defined areas of diffusely infiltrating gliomas, lym-
phomas, and metastases in relation to the 5-ALA fluorescence status. a
Glioblastomas: at biopsy target, all samples showed strong or vague
fluorescence and were representative. All specimens from the low
intensity center on MRI were 5-ALA negative and non-
representative. Only four of the eight vague fluoresceing samples from
the non-contrast-enhancing periphery were representative. b High-
grade gliomas: all samples from the target showed strong or vague
fluorescence and were representative. Only one of the three vague

fluoresceing samples from outside the target was representative. c
Low-grade gliomas: all samples from serial biopsies of LGG were
representative, none of them revealed visible 5-ALA fluorescence. d
Lymphomas: all samples from the target showed strong or vague
fluorescence and were representative. The two 5-ALA negative sam-
ples from outside the target were non-representative. e Metastases: all
samples from the target were representative. None of these samples
revealed strong fluorescence. Interestingly, three of eight samples from
outside the target showed vague fluorescence and all were non-
representative
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between 76% and 99% [1, 3, 11, 17, 29, 33, 38]. Diagnostic
yield, however, rates the correct distinction between tumor
and other tissue but does not necessarily include the correct
tumor type and grade. For the latter, the term “diagnostic
accuracy” was defined [2].

We believe that modern stereotactic biopsy series should
be evaluated primarily on the basis of diagnostic accuracy.
In cases of DIG, intratumoral tissue heterogeneity with
frequently focal malignant progression decreases accuracy
of stereotactic biopsies if only standard imaging (CT and/or
MRI) for target determination is used. Jackson et al. [16]
reported an undergrading of malignant gliomas by stereo-
tactic biopsies in 63% of cases. However, identification of
potential anaplastic foci is essential, because only represen-
tative histology indicates which postoperative therapy is
adequate. Therefore, acquisition of serial biopsies was pro-
posed to improve diagnostic accuracy as one single tissue
cylinder may not contain all the relevant histologic features
of a malignant glioma [18, 19, 33, 37]. However, multiple
biopsies may be associated with an increased risk of intracra-
nial hemorrhage and neurologic deficit [5, 28].

For preoperative visualization of areas of highest malig-
nancy and definition of the biopsy target, the metabolic
information of PET [25, 26] or multivoxel MR spectroscopy
CSI [15, 34] have been suggested: The high diagnostic
accuracy of these advanced imaging methods has previously
been confirmed by histopathological comparison of a biopsy
specimen from the region of highest metabolism with the
tumor bulk from subsequent open surgical removal [34]. An
intraoperative confirmation of the correct targeting during
stereotactic biopsy, however, is still missing as intraoperative
MRI is not widely available [12].

In a randomized controlled multicenter phase 3 trial on
malignant gliomas with significant CE, Stummer et al. [31]
demonstrated that 5-ALA fluorescence-guided glioma resec-
tion leads to a significantly higher rate of complete resections
of the contrast-enhancing tumor part and a significantly pro-
longed 6-month progression-free survival as compared with
the conventionally operated control group. Recently, we were
able to identify 5-ALA as a promising intraoperative marker
for representative histology in DIG with non-significant CE
that is unaffected by intraoperative brain shift: Focal 5-ALA
fluorescence correlated topographically with maximum PET
tracer uptake and high-grade pathology in all patients [35].
Cell proliferation rates were significantly higher in 5-ALA-
positive than in non-fluorescent areas within a given tumor. In
sum, current literature provides strong evidence that PET, CSI,
and 5-ALA are clinically reliable techniques for identification
of anaplastic foci in DIG that improve acquisition of repre-
sentative tumor samples and therefore increase diagnostic
accuracy.

So far, few studies have reported the effect of 5-ALA in
tumor entities that are relevant in the differential diagnosis

of gliomas: Hefti et al. and Eljamel [7, 13] observed 5-ALA
fluorescence in lymphomas and metastases as well. Further,
Hefti et al. [13] described his first experience with the
application of 5-ALA in ten patients who underwent stereo-
tactic biopsy for suspected malignant gliomas: In these
tumors, all samples revealed strong 5-ALA fluorescence
and histology was conclusive in all cases.

On the basis of this first observation, we systematically
analyzed the value of 5-ALA for stereotactic biopsies of
suspected brain tumors for the first time in the current study.
At the target, we found strong fluorescence in the vast
majority of samples of GBM, HGG, and lymphomas
(98%, 90%, and 88%, respectively). All samples with strong
5-ALA fluorescence were found to contain representative
tumor tissue according to neuroimaging and histopatholog-
ical criteria corresponding to a positive predictive value of
100%. In contrast, the MRI low-intensity center of GBM
was 5-ALA negative in all patients. The MRI non-
enhancing periphery of GBM and the tissue outside the
target of HGG were of vague fluorescence in approximately
half of all samples. Of the specimens with vague fluores-
cence, representative material was present in only 50% of
GBM and 33% of HGG. None of the samples of LGG
showed visible 5-ALA fluorescence. Vague fluorescence at
the target was also observed in half of the samples of
metastases, none of them showing strong fluorescence. It
is of note that some of the samples from the non-contrast-
enhancing periphery of metastases also exhibited vague
fluorescence unrelated to the fluorescence status of the
metastasis itself and from histopathological view being
non-representative.

From these observations, we conclude that only strong,
but not vague 5-ALA fluorescence is a reliable and imme-
diately available intraoperative marker of representative tu-
mor tissue of GBM, HGG, and lymphomas. As we observed
that all DIG and lymphomas with ring-like or nodular CE on
MRI revealed strong 5-ALA fluorescence at the biopsy
target, the use of 5-ALA seems justified in stereotactic
biopsies of suspected GBM, HGG, and lymphomas with
CE (ring-like, nodular, or patchy/faint).

Intraoperative histopathologic assessment of biopsy sam-
ples was reported to improve the diagnostic yield up to 99%
[4, 11, 14, 33]. However, intraoperative histopathology is
time consuming, costly, and not permanently available [4, 9,
29]. Therefore, Dammers et al. [4] recommended the appli-
cation of an “on-demand” intraoperative frozen-section-
analysis only if macroscopic aspects of the tissue specimens
were not clearly pathological. Recently, Shooman et al. [29]
even reported that intraoperative neuropathology should no
longer be routinely recommended. However, according to
our experience, we regard intraoperative histopathology as a
crucial point. Our findings demonstrate that the application
of 5-ALA in stereotactic tumor biopsies may be used in
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future to select cases that require intraoperative histopa-
tholgy, namely only if vague or no fluorescence is present.
Consequently, time and cost of operating room, operating
room personnel, and neuropathology may be reduced in
cases that do not require intraoperative histopathology.

Limits of 5-ALA in stereotactic tumor biopsies

5-ALA is currently only approved in the European Union,
but not in the United States, for surgical resection of malig-
nant gliomas under the trade name Gliolan® (Medac GmbH,
Germany). The data from our current study suggest that this
approval should be extended to stereotactic biopsies of
suspected malignant gliomas.

As the aim of our study was to investigate the value of 5-
ALA in stereotactic biopsies of brain tumors, the fluores-
cence status of 5-ALA in brain abscesses, infections or
demyelinating diseases remains to be clarified.

Finally, despite the use of our neuroimaging and histopath-
ological criteria for the definition of representative tumor
tissue, we cannot rule out histopathological undergrading of
malignant gliomas by stereotactic biopsy as the whole tumor
specimen was not available for histopathological analysis in
most patients.

Our proposal

From the observations of our present series, we propose the
following strategy for stereotactic 5-ALA-controlled tumor
biopsies (Table 5):

(1) Strong 5-ALA fluorescence: Considering that all tissue
samples of our series with strong 5-ALA fluorescence
did always include representative tumor tissue, we will

not routinely require intraoperative histopathology in
such a case. Further, serial samples are not required and
the procedure can be terminated. Consequently, the
operation time might be significantly reduced by this
approach in future. Oncoming studies will clarify,
if the application of 5-ALA can also reduce the
complication rate of stereotactic biopsies, considering
that procedure-related morbidity/hemorrhages may
directly be related to the number of tissue cylinders
bioptically removed [5, 28].

(2) Vague 5-ALA fluorescence: If the sample shows vague
5-ALA fluorescence, we will always demand intraoper-
ative histopathology. If this reveals representative tis-
sue of a metastasis, GBM, HGG, or lymphoma, the
procedure can be terminated. On the other hand, if
intraoperative histolopathology reveals an infiltration
zone of GBM or white matter in a patient with sus-
pected metastasis, the navigation accuracy should be
checked and a re-biopsy taken into consideration. If
intraoperative histology reveals LGG in a tumor with
vague 5-ALA fluorescence, the biopsy was most likely
taken from outside the anaplastic target of a HGG. In
this case, serial biopsies are recommended, if they still
contain only LGG tissue, the accuracy should be
checked and re-biopsy performed.

(3) 5-ALA negative: A 5-ALA negative sample from the
target may indicate a potential technical failure of the
stereotactic targeting. In such a case, intraoperative
histology is crucial and, if negative for tumor tissue
or only infiltration zone of GBM or necrosis is present,
the accuracy should be checked and a re-biopsy per-
formed. In case of representative histology of a metas-
tasis the procedure can be terminated. If histopathology
reveals LGG, serial sampling will be required.

Table 5 Proposed intraoperative strategy for 5-ALA-controlled stereotactic biopsies

5-ALA
fluorescence

iOP
histology

iOP histopathological
diagnosis

Representative
sample

Possible biopsy site Consequence

Strong Not needed – Yes Tumor target (GBM,
HGG, lymphoma)

Terminate biopsy

Vague Yes GBM, HGG, lymphoma, metastasis Yes Tumor target Terminate biopsy

GBM, HGG Yes Outside target Terminate biopsy

Infiltration zone No Outside target (GBM) Check accuracy and re-biopsy

LGG No Outside target (HGG) Perform serial biopsy, if still LGG
check accuracy and re-biopsy

White matter No Outside target (metastasis) Check accuracy and re-biopsy

None Yes Metastasis Yes Tumor target Terminate biopsy

LGG ? Tumor target Perform serial biopsy

Infiltration zone No Outside target (GBM) Check accuracy and re-biopsy

Necrosis No Necrosis (GBM) Check accuracy and re-biopsy

White matter No Outside target (all tumors) Check accuracy and re-biopsy

GBM glioblastoma, HGG high-grade glioma, LGG low-grade glioma, iOP intraoperative
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Conclusion

This prospective study investigates the clinical value of 5-
ALA for detection of representative tissue in stereotactic
brain tumor biopsies. According to our observations, strong
5-ALA fluorescence is a reliable novel intraoperative mark-
er that indicates the sampling of representative tumor tissue
of malignant gliomas and intracranial lymphomas. Thereby,
strong 5-ALA fluorescence obviates the need for intraoperative
histopathology and serial biopsies.
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Comments

Michel Mittelbronn, Frankfurt, Germany
The suitability of 5-ALA application has been validated in several

studies using fluorescence-guided full open resections of malignant
brain tumors also showing a beneficial effect in a randomized phase
III trial [1]. In constrast, there is only poor data about the suitability of
5-ALA in the stereotactic neurosurgical setting [2]. In their manuscript,
Widhalm et al. aim to investigate the routine suitability of 5-
aminolevulinic acid (5-ALA) for neurosurgical stereotactic biopsies
by intraoperatively checking for 5-ALA fluorescence using a modified
neurosurgical microscope with the feasibility to switch from conven-
tional white light to violet-blue excitation light for detection of poten-
tial 5-ALA fluorescence. Using this approach, they successfully
reached a positive predictive value of 100% according to the final
neuropathological diagnoses in conjunction with clinico-radiological
data—making an intraoperative neuropathological diagnostic proce-
dure unnecessary in those cases. However, the authors acknowledge
the necessity of neuropathologists coming to the operation theater to
perform an intraoperative diagnoses in cases of vague or absent 5-ALA

fluorescence. If this appraoch is used in a routine base from now one, it
would also be of great interest to collect also cases (if there will be any)
which show strong 5-ALA fluorescence without making a definite
diagnoses possible or in which final neuropathological diagnostics
reveal unexpected findings other than high-grade glioma or lymphoma.
In summary, the presented study is an important contribution improv-
ing the diagnostic neurosurgical–neuropathological setting and thereby
also consecutive patient treatment. Especially, Table 5 of the manu-
script is a very helpful guideline for both neurosurgeons and neuro-
pathologists which might further considerably reduce working time
and costs.
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Walter Stummer, Muenster, Germany
The authors present their interesting experience using 5-ALA for

intra-operative validation of biopsy material in 50 patients harboring a
number of lesions (HGG, LGG, metastasis, lymphoma). They find that
all strongly fluorescing biopsies were diagnostic. They conclude that in
case strong fluorescence is observed, this would obviate the necessity
for serial biopsies or frozen sections.

The authors approach is interesting and a comparably large experi-
ence has not been published before. This series provides a basis for 5-
ALA to be used in the context of stereotactic biopsies and the method
may be of value for reducing the number of biopsies in a given patient.
Also, it may help those neurosurgeons performing biopsies that do not
have access to intraoperative neuropathology.

There are some weaknesses that need to be addressed. The authors
rely on visible “strong” fluorescence. In my experience, the assumption
of “strong” versus “weak” fluorescence requires experience gained
from open resection, which many neurosurgeons do not have. Further-
more, there is the risk of photo bleaching which might be an issue with
small samples. Bacterial (abscess, cerebritis) nor non-infectious in-
flammation was not part of this study. Abscesses are a standard differ-
ential diagnosis for marginally enhancing cerebral lesions. We have
seen fluorescence in the adjacent brain in these lesions, which has been
weak and we have also seen fluorescence in non-infectious inflamma-
tion. Finally, diagnosis of glioblastomas cannot rely on “strong” fluo-
rescence alone. According to the WHO criteria (Louis DN, Ohgaki H,
Wiestler OD, et al. WHO classification of tumours of the central
nervous system. Lyon: IARC, 2007) the detection of necrosis is still
required, which may be missed when relying on fluorescence alone and
may result in undergrading and wrong therapeutic decision.

At the end of the day, 5-ALA will not replace the need for careful
planning and immaculate neurosurgical technique. However, in the
context of stereotactic biopsies using 5-ALA-induced tissue fluores-
cence carries the potential to reduce the number of samples required for
confident diagnosis.

Neurosurg Rev (2012) 35:381–391 391


	Strong...
	Abstract
	Introduction
	Methods
	Study cohort
	WHO grading and typing
	Preoperative imaging
	5-ALA management
	Stereotactic biopsies
	Neuropathology
	Statistical analysis

	Results
	5-ALA fluorescence of biopsy target tissue
	5-ALA fluorescence of tissue outside the target
	Correlation of strong 5-ALA fluorescence and CE on MRI, PET, and CSI
	Histopathology representative samples
	Tumor resection after biopsy
	Complications of stereotactic biopsies
	Adverse events of 5-ALA application

	Discussion
	Limits of 5-ALA in stereotactic tumor biopsies
	Our proposal

	Conclusion
	References




