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Abstract: Stereotactic needle biopsy (SNB) may be performed to collect tissue samples from lesions
not amenable to open surgery. Integration of tractography, intraoperative imaging and fluorescence
has been applied to reduce risk of complications and confirm the adequacy of bioptic specimens.
Clinical and radiological data from patients who underwent stereotactic needle biopsy with the use of
intraoperative CT, tractography and 5-aminolevulinic acid (5-ALA) fluorescence in a single Hospital
were retrospectively reviewed to evaluate the accuracy and safety of the procedure. Seven patients
were included in the study, and all the collected specimens showed red fluorescence. In six of them,
the final histopathological diagnosis was grade 4 glioblastoma IDH-wt and in the other case it was
Diffuse large B-Cell Lymphoma. The integration of tractography, intraoperative CT and 5-ALA as an
intraoperative marker of diagnostic samples may be suggested in biopsies of suspect gliomas and
lymphomas. The cost-effectiveness of the procedure should be evaluated in future studies.

Keywords: fluorescence; glioma; image guided surgery; stereotactic biopsy; intraoperative pathology

1. Introduction

Stereotactic needle biopsy is a surgical technique frequently applied to collect diagnos-
tic tissue from deep seated tumors [1] in order to define the nature of an abnormal signal
discovered on diagnostic imaging. Two main methods have been developed over the years
in order to maximize the safety, precision and reliability of this procedure, both based on
pre-operative imaging (MRI, CT) [2]: the frame-based and the frameless technique. In both
cases, softw allows a trajectory to the biopsy point to be planned by defining an entry point
and the target point [3–5]. It is frequently performed in patients with poor prognosis, for
tumors not amenable to resection due to factors related to the position of the lesion or to
the capacity of the patients to undergo a major surgery [6]. There are two main risks of
the procedure: inadequate tissue sampling and worsening of neurological function due
to direct lesion or, more frequently as a consequence of bleeding [5,7–9]. In both cases,
the patient may lose the possibility of performing an adjuvant treatment as a consequence
of the worsened functional status or of the time spent on a second surgical intervention.
Advancements of radiological imaging techniques allow identification of small vessels
with high-definition MRI or CT angiographic sequences, thus reducing the risk of bleeding.
The use of intraoperative pathological assessment, frequently with the assistance of frozen
section, has also been applied in the last decades to reduce the risk of inadequate tissue
sampling. In fact, before its introduction, the non-diagnostic biopsies were reported to be
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up to 24% in some case series [10]. The most commonly used method is Frozen Section
analysis, which has shown to agree with final pathology in more than 85% of cases in CNS
tumors [11].

5-Aminolevulinic acid (5-ALA) was first introduced in brain surgery by Stummer
et al. in 1998 [12]. It was approved by European Medicines Agency in 2007 and Food
and Drug Administration in the US in 2017 as an intra-operative optical marker for tumor
visualization in patients with suspect malignant gliomas on pre-operative imaging [13].

It is an intermediate metabolite of hemoglobin metabolic pathway as it is trans-formed
in Protoporphyrin IX (PPIX), a porphyrin photosensitizer, in the mitochondria [14]. Al-
though the exact mechanism has not been clarified, a possible explanation is that tu-
moral cells with decreased expression of ferrochelatase (FC) and functional heme bio-
synthetic enzymes preceding FC would accumulate PPIX. Another hypothesis is that
tumors have a poorly-developed vascular drainage and this results in higher concentra-
tions of PPIX [15,16].

Photodynamic diagnosis using 5-ALA was first introduced in stereotactic biopsies
by Yamaguchi et al. as a rapid and effective method to confirm the presence of tumoral
tissue in biopsy samples [17]. Since then, it has become a possible tool, in association with
intra-operative pathology, to improve the diagnostic yield of brain biopsies with interesting
results [1,18–24].

Intraoperative imaging has also been described in stereotactic needle biopsies by some
authors to improve accuracy and safety of the procedure [25], even in combination with
5-ALA fluorescence [18,20,22,26–28].

Integration of intraoperative fluorescence, intraoperative imaging and advanced pre-
operative imaging such as tractography of white matter fiber tracts has been proposed in
neuro-oncological surgery to accomplish the so-called maximal safe tumor resection [29–31].
A balance between diagnostic yield and risk of the procedure should nevertheless be
considered for stereotactic needle biopsy; the integration of multiple techniques can help
the surgeon in planning the best trajectory and in limiting intraoperative risk without
losing diagnostic accuracy.

We report our experience in a peripheral neurosurgical center with the combination of
pre-operative tractography, intraoperative fluorescence with 5-aminolevulinic acid (5-ALA)
and intraoperative-CT for stereotactic needle biopsy of cerebral lesion.

2. Materials and Methods

We performed a retrospective analysis of clinical, radiological and intraoperative data
of patients who underwent frameless stereotactic needle biopsy for brain tumor in a single
Neurosurgical Center. Only adult patients were included.

The following data were considered: tumor location, fluorescence-positivity, pathology
and post-operative complications.

3. Results

Seven patients underwent frameless stereotactic needle biopsy in our hospital between
2019 and 2023 (Table 1).

The day before surgery, a contrast enhanced MRI was performed. The MRI proto-
col was comprised of the following sequence protocol: T1 (voxel size = 1 × 1 × 1 mm,
FOV = 24 cm, slice thickness = 1 mm, TA = 3 min); T2 (voxel size = 0.8 × 0.9 × 2.6 mm,
FOV = 26 cm, slice thickness = 2.6 mm, TA = 5 min); FLAIR (voxel size = 0.9 × 1.2 × 4 mm,
FOV = 24, slice thickness = 4 mm, TA = 2.23 min). Diffusion images were acquired with
the following settings: 32 directions; TR = 10.092 ms; b-value = 1000 s·mm−2; acquired
voxel size = 2.1 mm isotropic; field of view: 240 mm; no slice gap; 26 slices; and scan time
6 min 11 s.
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Table 1. Clinical and pathological data of the patients included in the case series. Abbreviations:
ALA: aminolevulinic acid; CC: corpus callosum; IDH: isocitrate dehydrogenase.

Patient ID Tumor Location 5-ALA
Fluorescence

Intra-Operative
Pathology Final Pathology Complication

1 Right parietal
and CC Yes No Glioblastoma

IDH-wt None

2 Right parietal Yes Yes (malignant
glioma)

Glioblastoma
IDH-wt

Worsening of left arm
motor function

3 Bilateral frontal
and CC Yes No Glioblastoma

IDH-wt None

4 Bilateral frontal
and CC Yes No DLBCL None

5 Bilateral frontal
and CC Yes No Glioblastoma

IDH-wt None

6 Left temporal and
insular Yes No Glioblastoma

IDH-wt None

7 Bilateral parietal
and CC Yes No Glioblastoma

IDH-wt None

They received 20 mg/kg of 5-ALA (Gliolan®, Medac, Wedel, Germany) orally 5 h
before anesthesia induction. An intra-operative CT scan was performed in all cases. With
the aid of the neuronavigation system (BrainLab AG, Munchen, Germany), tractography
of the cortico-spinal tract was performed and fused with anatomical images for surgical
planning. In particular, the entry point, target and trajectory were planned in order to reach
the enhancing portion of the lesion while avoiding any vessel, sulcus, the ependyma and
the cortico-spinal tract fibers.

After a linear skin incision, a burr hole was drilled at the planned entry point. The
dura mater was coagulated and then opened with an X-shaped incision. The navigated
biopsy needle was then inserted at the entry point and gently pushed deep down along the
planned trajectory to the target site with a dedicated articulated arm (VarioGuide, BrainLab
AG, Germany). Tissue samples were collected between 5 mm more superficial and 5 mm
deeper than the target point with different orientations of the needle. The needle was then
carefully extracted and the specimens were tested for fluorescence under the light of the
surgical microscope (Leica Microsystems M530, Wetzlar, Germany). If the tissue sample
showed fluorescence (Figure 1), no additional samples were taken, and the specimen was
sent for final pathology. If no fluorescence was found, additional samples were collected. In
no case was a second trajectory necessary as a positive sample was found in each case. Intra-
operative pathology was performed only in one case. In all cases, an intra-operative CT
(iCT) scan was performed after the end of surgery in order to exclude acute complications
and to confirm the reaching of the target also from a radiological point of view (presence
of air bubble at the target) (Figure 2). To protect patients from photosensitivity, they were
kept in a dimly lit room 24 h after the procedure.

No complications from the use of 5-ALA or post-operative bleedings were reported.
One patient reported a slight transient worsening of the pre-existing motor impairment of
his left arm.

In all patients, at least one of the specimens collected during stereotactic needle biopsy
showed red fluorescence. In six of them, the final histopathological diagnosis was GBM
IDH-wt (grade IV, WHO 2021), while in one case it was Diffuse large B-Cell Lymphoma.
In the only case in which intra-operative frozen section was conducted (Patient 2), the
intraoperative pathological analysis suggested the diagnosis of malignant glioma, which
was then confirmed by the final pathological diagnosis.
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Figure 2. Intraoperative CT scan (a) and pre-operative MRI (b) coronal images. Intraoperative CT
shows the presence of air bubble at the planned target. Moreover, it rules out immediate bleeding.
The red line represents the planned trajectory between the entry point and the target. Corticospinal
tract is also displayed to confirm it has been avoided by the trajectory.

4. Discussion

Stereotactic needle biopsy is a procedure commonly used to collect tissue samples
from lesions that are considered not amenable to resection and are difficult to reach with
open surgery. It may be performed with a stereotactic frame or, more recently, without
frame, the so-called frameless technique. In both techniques, the planning of the entry
point, trajectory and target is based on pre-operative imaging (usually MRI with contrast).
The surgeon must plan a trajectory avoiding vessels, sulci (in which small vessels may
be encountered) and, preferably, ventricles. The target should be the most representative
of the pathology. For example, in suspect high-grade gliomas, the enhancing portion of
the tumor is the preferred target, while the central necrotic area is not useful to obtain
diagnostic tissue.

The procedure is considered minimally invasive, but it carries potential complications,
such as hemorrhage, worsening of brain oedema, infection and seizures. The collection
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of non-diagnostic material is another potential risk. In case of inadequate sampling, the
treatment must be delayed and a second surgery must be planned with adjunctive risks
related to surgery. Moreover, the time elapsed without therapy in these frail patients may
imply progression of the tumor and potentially loss of the opportunity to treat the patient
at all. In order to reduce the probability of inadequate sampling, intraoperative pathology,
usually with frozen section, has frequently been added to the procedure [32]. This addi-
tional step of the procedure requires facilities and, most importantly, the presence of an
experienced neuropathologist. As a matter of fact, intraoperative pathology should provide
a clear indication to the surgeon in a short window of time and with limited diagnostic
tools. In a small peripheral neurosurgical center, where the volume of neuro-oncological
patients does not allow sufficient experience in this field of pathology, it is very difficult to
have access to a specialized neuropathologist. In our specific hospital, a neuropathologist
was not available; in the single case in which intraoperative pathology was performed, we
involved a consultant from another hospital with considerable logistical and organizational
effort. The planning of a biopsy with the presence of an expert neuropathologist may imply
significant additional delay in the planning of surgery, so we do not consider this strictly
necessary when the radiological suspect is highly indicative of high-grade glioma. On the
other hand, previous papers suggest that intraoperative pathology is not necessary for
enhancing lesions (in which radiological data suggest high-grade glioma or lymphoma)
when 5-ALA fluorescence was positive [23,24,33], as it would prolong surgical time (and
theoretically lead to more complications) without significant modification of the diagnostic
accuracy of the biopsy. Moreover, in our case series, the combination with an iCT scan
provides further evidence that the target has been reached. It is a double control, but
in our opinion, it is not redundant. As a matter of fact, the iCT confirms the anatomic
location of the target [25], while the fluorescence gives us information about metabolic
activity of the collected tissue. It is frequent, for example, even in our small experience,
that the observation of different fluorescence gradation, from a pale to a bright red, in
different samples and the samples collected at the planned target (usually the periphery of
the enhancing component of the tumor) are not necessarily the most fluorescent ones. We
could then affirm that 5-ALA fluorescence and iCT are complementary techniques in the
proposed workflow.

In our opinion, additional trajectories must be avoided when the fluorescence is clearly
positive in order to reduce the risk of bleeding. In parallel with the well-known concept
of “maximal safe resection”, we could define this as a “minimal safe biopsy”. In our and
in previous case series, positive fluorescence guaranteed a high diagnostic yield so any
additional sampling would not be justified.

The safety of the procedure is also improved by integrating pre-operative tractography
in the planning of trajectory, thus reducing the theoretical risk of damage to relevant fiber
bundles like the corticospinal tract (Figure 2). A larger patient sample should be used to
corroborate our impression that the recognition of the cortico-spinal tract (CST) may have a
clinical impact in reducing the risk of motor impairment. A small hemorrhage may provoke
a motor impairment, or it may be pauci-symptomatic; this may be a consequence of the
distance of the needle trajectory from CST. The inclusion of tractography in the pre-surgical
imaging protocol and the integration of the position of the CST among the various factors
to be considered in the planning could be, in our opinion, a valuable help in some cases.
The described case series is too small, and we have not encountered any hemorrhage, so
we cannot test this hypothesis in the present study.

Operation time is also a relevant issue, related to complication, especially in this
population, which includes patients with high surgical risk [21]. Two papers [21,33]
reported a statistically significant reduction both in the length of surgery and in the number
of biopsy samples for fluorescent cases.

Operation time is also a substantial factor for another important element to be evalu-
ated: the cost-benefit ratio. According to the wide variability of organizational context, it
is very difficult to provide evidence-based results in this specific field. A computation of
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the cost of the administrated drug, of a neuronavigation system integrating an iCT scanner
and of the MRI scan including sequences suitable for tractography would be very difficult
due to the high variability in different healthcare system. For instance, an evaluation of the
cost of the procedure has been performed by Millesi et al.; the Authors declare a cost of
EUR 65 for 5-ALA and EUR 1100 for frozen section for each patient; they conclude that to
perform frozen section only in non-fluorescent cases is a cost-efficient protocol. However,
the cost of the drug is much higher in other countries (see for example [34]). At the same
time, the price of frozen section may greatly vary; the organization of team and facilities for
frozen section and the availability of an expert neuropathologist is very difficult in some
peripheral hospitals, and many of the patients who require a stereotactic biopsy may not be
able to travel to a higher-volume neurosurgical center. According to previous literature,
5-ALA fluorescence can be considered a reliable marker for diagnostic tissue in bioptic
samples in cases of suspect 5-ALA-capturing tumors at pre-operative imaging. This would
avoid unnecessary extension of the duration of surgery and additional sampling, both
theoretically linked to higher risk of complications. On the other hand, the iCT scan implies
some more time spent in the surgical theatre (in our experience 9–15 min in total), which
nevertheless, in our experience, does not offset the time saved by avoiding waiting for
intraoperative pathologic diagnosis.

In case of non-enhancing lesions, intraoperative pathologic diagnosis with frozen
section may still be necessary to reduce the risk of inadequate sampling. Non-enhancing
lesions rarely need a stereotactic biopsy; the underlying lesion is usually less aggressive,
and a slower progression is expected. In these cases, some delay of the intervention in
order to organize an intraoperative pathologic diagnosis is justified and does not imply
additional risk for the patient.

An evident limitation of the present study is the limited number of patients and the
absence of non-enhancing lesions in the case series. Future studies are needed to confirm
our findings and to provide more accurate indications for clinical practice.

5. Conclusions

Integration of 5-ALA and iCT is a valuable approach in stereotactic biopsy to confirm
the adequacy of the sampling for suspect high-grade gliomas on pre-operative imaging.
Further studies are necessary to evaluate the diagnostic yield, safety and cost-effectiveness
of the procedure in a larger population.
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