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Confocal Microscopy Provides a Rapid Intraoperative Histological 
Assessment of Brain Neoplasms: Experience with 106 Cases

Alessandro Carotenuto, University of Arizona COM - Phoenix

3a. Results: Fluorophores

Each patient had a total of 6 samples imaged (1960 total
images). Total imaging time was 20 min per patient.
Average time from specimen arrival to obtaining the first
CSM image was 1 min. Average time to obtain frozen
sections results in this study was 15 min from the
specimen arrival to the pathology department.

Abstract
Background
Frozen section histological analysis is the mainstay for intra-
procedural tissue diagnosis during resection of intracranial
neoplasms and for evaluating tumor margins. However,
frozen sections are time-consuming and sometimes
inaccurate. This study describes potential advantages of
CSM imaging of fresh human brain tumor tissues labeled
various fluorophores within the neurosurgical operating
room facility.
Materials and Methods
Acute slices from human intracranial neoplasms were
incubated with fluorescent solutions. Samples were imaged
using a bench-top CSM system. Histopathologic features of
corresponding CSM and permanent hematoxylin and eosin
images were reviewed for each case.
Results
Of 106 cases, 30 were meningiomas, 19 gliomas, 13
pituitary adenomas, 9 metastases, 6 schwannomas, 4
ependymomas, and 25 other pathologies. CSM using rapid
fluorophores revealed microvascular, cellular and
subcellular structures that correlated with conventional
histology. Images were generated for intraoperative
consultations in under 1 minute. All tissue samples were
imaged and digitally stored for tele-pathology and archiving.
Conclusions
CSM of fresh human brain tumor tissue provides meaningful
and rapid histopathological assessment much faster than
frozen section. With appropriate stains, CSM could improve
the timeliness of intraoperative decision-making, and the
neurosurgical-pathology workflow during resection of
human brain tumors, ultimately improving patient care.

3b. Results: Histopathology

4. Discussion and Conclusions
This study describes utility of a bench-top CSM system
for rapid acquisition of fluorescent histologic information
during neurosurgical tumor removal procedures using
non-specific and specific fluorescent stains. Identifying
specific utility and cellular structure appearance for
each fluorophore may improve workflow during
intracranial neoplasm surgery. The variety of rapid-
staining fluorophores examined for this study allows for
identification and differentiation of histopathologic
features. Flow of information from fluorescence staining
of fresh tissue combined with benchtop CSM imaging
was significantly faster compared to the conventional
“frozen sections” method of initial tumor tissue
assessment.
The various capabilities of the CSM system allows for
detailed and fast specimen visualization, which could
be useful for telepathology.
It would seem likely that CSM technology will be
developed and refined, providing more efficient
machine operation and analysis that may be adapted
for the operating room. Such technology would add a
near-immediate parameter to tissue assessment for
imaging of various cell structures and detection of
relevant specific prognostic markers as seen in the
laboratory.

Fig. 1. Tissue sampling and imaging set up. (A) Tissue samples embedded in (left to right) AF, ICG, CV,
AO, artificial cerebrospinal fluid. (B) Setup of the confocal microscope. Used with permission from Barrow
Neurological Institute, Phoenix, Arizona, USA.

2. Methods

106 patients were prospectively enrolled in this study. All
enrolled patients underwent craniotomy and standard
biopsy technique to harvest tissue samples from areas
corresponding with contrast enhancement on MRI. Each
sample was placed into a glass bottom dish for CSM
imaging (Fig. 1).
Rapid-staining fluorophores selected for this study were:
acriflavine hydrochloride (AF), acridine orange (AO),
cresyl violet (CV), methylene blue (MB), indocyanine
green (ICG). A control sample was imaged without
addition of fluorophores from each patient. CSM was
performed with a Zeiss LSM 710/5Live DUO system.
Tissue from matching areas of pathology was collected
for permanent fixation and Hematoxylin and Eosin
staining. Matched CSM images and permanent sections
were reviewed by a group of 2 neuropathologists and 3
neurosurgeons. Data analysis was performed with
Microsoft Excel.1. Background and Significance

Nearly 78,000 people in the U.S. develop brain and
central nervous system neoplasms each year. Initial work
up often includes stereotactic biopsy to identify
histological diagnosis and further management. Frozen
sections are the current gold standard for intraoperative
diagnosis. Artifacts and sampling error reduce diagnostic
yield and often require harvest of additional biopsy
specimens, which significantly increases surgery and
anesthesia times.

Fig. 2. Meningothelial meningioma. Ex vivo confocal images (A–F) obtained in case meningothelial
meningioma. (A, B) stained with AO, (C, D) stained with AF, (E, F) stained with CV. (G) photomicrograph
of H & E–stained sections showing histopathological features of whorls, psammoma bodies, and collagen
similar to those of the matched imaging location. Original magnification ×200 (A, C, E, G) and ×400 (B, D,
F). Used with permission from Barrow Neurological Institute, Phoenix, Arizona, USA.

Fig. 4. Schwannoma. Ex vivo confocal images (A–F) obtained in case glioblastoma. (A, B) stained with
AO, (C, D) stained with AF, (E, F) stained with CV. (G) photomicrograph of H & E–stained sections
showing histopathological features of cellular tumor with fascicles of cells with elongated cytoplasmic
processes. Original magnification ×200 (A, C, E, G) and ×400 (B, D, F). Used with permission from
Barrow Neurological Institute, Phoenix, Arizona, USA.
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The final diagnoses of the cases in this study included
30 meningiomas and 19 gliomas. The rest of the 57
cases included 13 pituitary adenomas, 9 metastases, 7
cavernous malformations, 6 schwannomas, 5
subependymomas, 4 ependymomas, 3 radiation
necroses/gliosis and 1 of many other miscellaneous
tumor classifications.
Overall, most tumor classifications were best visualized
with AF and AO staining, with CV providing inconsistent
results. The remaining fluorophores provided
inadequate samples most of the time.
In Meningiomas, AF and AO demonstrated whorls of
oval to spindled cells with various amounts of
pericellular collagen proliferating in a vesicular pattern
(Fig 2). Psammoma bodies could be seen in multiple
cases. The correct diagnosis and subtype could be
identified in 26 cases (86.7%).
Stained Gliomas under CSM revealed Hypercellularity
with diffuse parenchymal infiltration and dystrophic
calcifications with adjacent intermingled tumor cells (Fig
3). Tumor cells had round to oval nuclei and apparent
fibrillary processes. The correct diagnosis of glioma was
made in 17 of 19 cases (89.0%).

Table 2. Diagnostic accuracy in most common histopathological types

Fig. 3. Glioblastoma. Ex vivo confocal images (A–F) obtained in case glioblastoma. (A, B) stained with
AO, (C, D) stained with AF, (E, F) stained with CV. (G) photomicrograph of H & E–stained sections
showing histopathological features of cellular tumor with hypercellularity, atypia, and neovascularization
similar to those of the matched imaging location. Original magnification ×200 (A, C, E, G) and ×400 (B,
D, F). Used with permission from Barrow Neurological Institute, Phoenix, Arizona, USA.

Spindled cells and nuclei were apparent in all
Schwannoma cases, along with Antoni A and B areas.
In 2 cases verocay bodies were apparent. Correct
diagnosis was made in all 6 cases (Fig. 4).
There were 99 patients with true neoplastic or related
processes in this study. In 66 cases (66.7%) CSM
correctly identified the diagnosis including tumor
subtype when compared to conventional
histopathologic analysis (Table 2). Overall, CSM
detected neoplastic processes in 94 patients (95%).

Unlike AF and AO that stained nuclei primarily, CV
caused diffuse fluorescence of the cytoplasm that
highlighted large diffuse areas of the image.
Nucleoli could not be identified under CV
fluorescence. No meaningful histopathological
patterns were identified with MB and ICG.

Confocal scanning microscopy (CSM) has become an
accepted research technique for investigations into
tumor cell biology. Samples can be imaged utilizing a
variety of specific and non-specific fluorophores.
Unlike frozen sections, fresh tissue samples stained
with rapid-acting fluorophores are not affected with
freezing artifacts and do not require a lengthy period of
tissue preparation. Utilization of rapid-acting
fluorophores could significantly reduce the time
needed to provide feedback during intraoperative
histopathological consultation, improve intraoperative
decision-making, and potentially reduce surgery and
anesthesia times.
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