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Abstract

Over the last years, fluorescence-based technology has begun an emergent intraoperative method for diagnostic confirmation of
brain tumor tissue in stereotactic needle biopsy. However, the actual level of evidence is quite low, especially about fluorescein
sodium (FL) application. This method needs to be further validated and better analyzed about its impact in clinical practice.
Retrospective analysis of 11 cases with contrast-enhancing brain tumors, underwent awake stereotactic needle biopsy with
intraoperative FL assistance (group 1), was verified under the operative microscope filter. This group was matched with a control
group of 18 patients (group 2). In addition, a systematic literature review was performed in PubMed/Medline database according
to PRISMA statement. All studies concerning FL or 5-ALA application in stereotactic biopsy as intraoperative confirmation of
brain tumor tissue were included. The primary endpoint was the evaluation of diagnostic accuracy. In group 1, all fluorescent
specimens were diagnostic. The number of samplings was the useful minimum and non-use of intraoperative neuropathological
examination allowed to significantly reduce procedure time (42.09 vs 69.72 min of group 2). No complications occurred, and the
average hospitalization time after procedure was 1.09 days (vs 2.33 of group 2). Literature analysis supports the usefulness of
photodiagnosis and its high diagnostic yield especially at the core of high-grade/contrast-enhancing tumors. FL assistance during
stereotactic biopsy of contrast-enhancing brain tumors may give a real-time confirmation of tumor tissue, maximizing the
diagnostic yield, and reducing time of procedure, morbidity, and hospitalization.

Keywords 5-ALA - Brain tumors - Fluorescein sodium - Fluorescence-assisted biopsy - High-grade glioma - Stereotactic needle
biopsy

Introduction

Stereotactic needle biopsy is often considered a minimally
invasive procedure, although complications even fatal are
not uncommon. Intracranial hemorrhage may depend on sev-
eral factors, including tumor vascularization and clinical fea-
tures of the patient, but it is also related to the number of
withdrawals performed to optimize the diagnostic yield of
the procedure [27]. Non-definitive diagnosis, in fact, is about
2-10% of the reported case series [1, 2, 4, 9, 15, 20, 24, 27],
and it is the main issue to overcome because of the need to
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repeat the biopsy. In the course of time, new intraoperative
adjuncts are spreading to optimize the diagnostic yield and to
reduce the related complications, limiting the use of intraop-
erative histology [4, 19, 23]. Fluorescence-based technology
(5-ALA [28]and FL [16]) represents a very promising meth-
odology in this field. However, the actual class of evidence is
overall quite low, consisting in few observational cohort stud-
ies. In particular, FL application is very little reported and it
needs to be further validated. Some technical and clinical as-
pects (like evaluation of operative times, execution in awake
patient, and impact on morbidity and hospitalization) are not
currently well analyzed.

Materials and methods

The study includes 11 consecutive patients with contrast-
enhancing brain tumors on MRI (Fig. 1a), not candidates for
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surgical resection, underwent FL-assisted stereotactic needle
biopsy at our Neurosurgical Unit from December 1, 2016 to
September 30, 2017 (group 1). All cases were first discussed
by the multidisciplinary neuro-oncological board at our center.
Histories, preoperative MRI, intraoperative findings, post-
operative CT scan, histologies, and clinical follow-up were
retrospectively reviewed. All procedures were carried out in
awake patient under local anesthetic. We performed a
frameless pinless electromagnetic needle biopsy
(StealthStation S7 AxiEM, Medtronic, Louisville, CO, USA)
in two patients and a frame-based stereotactic needle biopsy
with Leksell Stereotactic System (Elekta AB, Stockholm,
Sweden) in nine patients. The choice between the two systems
was made according to the location and size of the tumor and
the operators’ preference (frameless technique was preferred
for both large and superficial tumors). Preoperative imaging
was acquired with T1 pre- and post-gadolinium sequences
MRI (GE Healthcare SIGNA Excite 1.5T, Little Chalfont,
Buckingamshire, UK) no more than 48 h preoperatively for
frameless procedures and with CT scan with contrast (GE
Healthcare LightSpeed VCT, Little Chalfont,
Buckingamshire, UK) immediately before frame-based proce-
dures. Therapy post-procedure was decided according to his-
tology and clinical characteristics of patients by the same

Fig. 1 Illustrative case of a patient with right fronto-temporal GBM on
brain MRI (a), underwent FL-assisted stereotactic needle biopsy. Post-
operative brain CT scan (b). Tumor sample under white light (¢) and
under YELLOW 560 filter (d) that shows intense fluorescence.
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multidisciplinary neuro-oncological team. All data are sum-
marized in Table 1.

FL-assisted biopsy protocol

All patients with hepatic or renal dysfunction and hyper-
reactivity against contrast agents were excluded. A low-dose
(5 mg/kg) of fluorescein sodium 20% (Fluoresceina Sodica
20%, Monico SPA, Venezia/Mestre Italy) was administered
intravenously in bolus 20 min before skin incision. The target
point was systematically planned inside the contrast-
enhancing area (“core-sampling” technique). Every sample
was verified under the YELLOW 560 filter integrated into
OPMI Pentero 900 (Carl Zeiss, Oberkochen Germany). If
the first specimen was fluorescent, we did not plan any other
collection if it was volumetrically adequate. Neuropathologist
was blinded to fluorescence status. After procedure, all pa-
tients were transferred to our unit and they routinely
underwent a brain CT scan (GE Healthcare LightSpeed
VCT, Little Chalfont, Buckingamshire, UK) within 24 h. A
formal consent for FL administration was not required be-
cause Technical-Scientific Advisory Committee of the Italian
Medicine Agency (report number 38, May 18-20, 2015) ap-
proved FL use as tracer in neurosurgical oncology (determi-
nation 905/2015, Gazette no. 168, July 22, 2015).

Control group

Between 24 patients who underwent awake stereotactic needle
biopsy at our center during the last 2 years, we excluded 6
cases (4 low-grade gliomas, 1 abscess, and 1 inflammatory
disease). Therefore, we included a group of 18 patients with
contrast-enhancing brain tumors on MRI, underwent proce-
dure without FL assistance (group 2), using it similar to con-
trol group. It is matchable with group 1 for gender, age, his-
tology, and surgical technique (Table 1). It includes 2 cases
which underwent frameless pinless electromagnetic biopsy
and 16 cases which underwent frame-based stereotactic nee-
dle biopsy. Post-operative management was the same of the
group 1.

Statistical analysis

The Mann-Whitney U test was used to evaluate the differ-
ences between group 1 and group 2. The Spearman test was
performed to evaluate correlations. All P values were based on
two-tailed tests, with a level of significance of 0.05. All anal-
yses were performed using software Kyplot 2.0 b15 (K.
Yoshioka, Japan).
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Table 1 Characteristics of the

patients with contrast-enhancing Characteristics FL-assisted biopsy Control group P value
brain tumors underwent awake (group 1) (group 2)
stereotactic needle biopsy with
FL assistance (group 1) and of the ~ Number of patients 11 18
control group (group 2) Gender
Female 4 8 0.69
Male 7 10
Age (years)
Mean 56.7 62.6 0.21
Range 40-77 47-79
Standard deviation 12.51 9.63
Histology
Lymphoma 3 2 0.15
High-grade glioma (WHO III) 1
High-grade glioma (WHO IV) 6 15
Stereotactic technique
Frame-based 9 16 0.62
Frameless 2 2
Operation time (minutes)
Mean 42.09 69.72 0.005
Range 30-60 30-145
Standard deviation 11.09 3491
Intraoperative frozen section analysis 0 (0%) 4 (22.2%) 0.11
Number of sampling
Mean 1.27 2.89 0.00002
Range 1-2 2-4
Standard deviation 0.47 0.68
Post-operative complications
Minor bleeding 1 (9.1%) 4 (22.2%) 0.39
Hemorrhage 0 (0%) 1 (5.6%) 0.48
Hospitalization time after procedure (days)
Mean 1.09 2.33 0.03
Range 1-2 1-11
Standard deviation 0.3 245

Literature review

Considering the few reports and the analogous results,
literature review brought together both FL- and 5-ALA-
based adjuncts to analyze more widely the feasibility of
fluorescence technology in this field, taking rigorously in-
to account the great difference between the two drugs from
the biological point of view. Inclusion criteria were all
studies concerning FL or 5-ALA application in stereotactic
needle biopsy as intraoperative confirmation of brain tu-
mor tissue. Exclusion criteria were studies including pa-
tients underwent biopsy techniques alternative to the ste-
reotactic one, preclinical papers, and non-English articles.
In cases in which different biopsy techniques were simul-
taneously considered in the same study, the subgroup of
patients underwent stereotactic one was also eligible.
When the same or partial patient population was used in

more publications from the same Authors or same center,
all studies were included in our qualitative analysis. The
primary endpoint was the evaluation of diagnostic accura-
cy. The PRISMA Statement for Systematic Reviews and
Meta-Analyses [13] was used. PubMed/Medline database
was extensively searched with combinations of the terms
“fluorescein and stereotactic biopsy,” “5-ALA and stereo-
tactic biopsy,” “fluorescence and stereotactic biopsy,”
“(fluorescein[Title/abstract]) AND brain biopsy[Title/
Abstract],” “(5-aminolevulinic acid[Title/abstract]) AND
biopsy|[Title/Abstract],” and “(fluorescence| Title/abstract])
AND brain biopsy[Title/Abstract]”. Each article of interest
was screened. Similar and related articles and reference list
of each item were checked to not exclude any paper. Data
were independently extracted from every report, and the
Cochrane Risk of Bias Tool [7] was used to assess risk of
bias in included studies.
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Results
Group 1

There were no intraoperative and post-operative surgical
complications (Fig. 1b), except one case (9.1%) of asymp-
tomatic minor bleeding, that needed just a slightly longer
clinical observation in our unit (2 days). Photosensitivity,
side effects, or anaphylactic reactions related to additional
use of FL did not occur. The awake procedure was well
tolerated in all patients. The average time between FL
injection and specimen collection was 38.2 min, and the
average time of overall procedure was 42.09 min. No fluo-
rescence was observed under white light (Fig. 1c) but only
under the microscope filter (Fig. 1d). Samples were
strongly fluorescent at the first withdrawal in 10/11 cases
(90.9%). In the remaining case, a second sampling, near
the previous one within the contrast-enhancing area, was
necessary to observe fluorescence. Histology of this non-
fluorescent specimen was in favor of non-specific gliosis.
In other two cases, a second sampling was performed to
obtain an adequate lesion volume. All fluorescent speci-
mens were diagnostic for tumor tissue, and the mean num-
ber of sampling was 1.27. In the contrast-enhancing core
of tumor, specificity and sensitivity were 100%.
Intraoperative neuropathological examination was not per-
formed in any case. The good post-operative course
allowed the discharge the day after the procedure in almost
all cases (Table 1).

Group 2

There were no intraoperative complications, and the awake
procedure was well tolerated in all cases. The average num-
ber of sampling was 2.89 per patient. Intraoperative frozen
section analysis was performed in four cases (22.2%). The
average time of overall procedure was 69.72 min (vs 42.09
of group 1, P=0.005), and it was significantly related to
the choice of using intraoperative histology (Spearman’s
Rho 0.73, P=0.002). In one case (5.6%), post-operative
hemorrhage within surgical field occurred with a transient
neurological deficit (Fig. 2a, b). In this case, just medical
therapy was performed. During hospitalization, the patient
was clinically and neuroradiologically observed by brain
CT scans. Right hemiparesis progressively improved, and
he was transferred to a rehabilitation center. In four asymp-
tomatic cases (22.2%), a minor bleeding was observed on
post-operative routine CT scan. In this group, the average
hospitalization time after procedure was 2.33 days (vs
1.09 days of group 1, P=0.03), and it was significantly
related to the post-operative bleedings (Spearman’s Rho
0.80, P=0.001).
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Literature review

The initial search obtained a total of 193 items. Records, after
duplicates were removed, were 165. After screening for inclu-
sion and exclusion criteria, just 12 studies were considered in
the qualitative analysis (10 papers [6, 10, 14, 16, 21, 22, 25,
26, 28, 29] and 2 abstracts [11, 12]) (Fig. 3). Among the 12
considered records, we found 9 reports about 5-ALA-
assistance [6, 1012, 14, 25, 26, 28, 29] and only 3 about
FL-assistance [16, 21, 22] during stereotactic needle biopsy
(Table 2). Just two prospective studies were found [21, 25].
Case-control studies and concomitant awake procedures were
not reported. The included studies were small but quite homo-
geneous in design. Main bias is represented by retrospective
nature in all cases except two [21, 25]. In most papers, a
detection bias, related to non-blindness of pathologist, was
found [6, 10-12, 14, 22, 25, 28, 29]. The main finding was
the high reported diagnostic accuracy both for FL and 5-ALA,
but it significantly differed according to target and histologic
entity and grading. Below, we resume the main features of
each study briefly.

Yamaguchi et al. [28] in 2007 first reported the use of
intraoperative 5-ALA fluorescence under a blue laser system
during 6 cases (4 high-grade gliomas and 2 lymphomas) of
frameless stereotactic needle biopsy in general anesthesia.
Intraoperative rapid pathological examination was performed
in all cases. Interestingly, with the increase of the level of
protoporphyrin IX in the mitochondria, tumor samples were
fluorescent also when rapid examination of frozen sections
was non-diagnostic because of tissue breakdown.

Another pioneering use of 5-ALA fluorescence during ste-
reotactic biopsy was reported by Heffti et al. [6] in 2008. They
found strong fluorescence, under UV light of operative micro-
scope, in the first sample at target in all cases of high-grade
gliomas during 10 frameless procedures in general anesthesia.
No further samples were considered if the first fragment
showed intense fluorescence, and all histologies were
conclusive.

Moriuchi et al. [14] reported in 2011 the 5-ALA assistance
in two stereotactic needle biopsies (one frame-based and one
frameless) of deep-seated brain tumors. The procedures were
performed under general anesthesia, and the fluorescence sta-
tus of the specimens was verified under UV light of operative
microscope. This method allowed diagnostic confirmation
avoiding further withdrawals in eloquent areas.

von Campe et al. [25] reported in 2012 their further expe-
rience [6] in this field. They obtained fluorescent specimens in
13 of 17 biopsies, performed with frameless technique and in
general anesthesia. Fluorescent specimens were related to ma-
lignant or high-grade neoplasms. Non-fluorescent specimens
were represented by WHO 11 astrocytomas and unspecific
gliosis. No further samplings were taken, and no frozen sec-
tion was obtained if strong positive fluorescence was visible
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Fig. 2 Illustrative case of a
patient of group 2 with left frontal
GBM on brain MRI (a). Post-
operative brain CT scan shows
bleeding within biopsy areas (b).

under a 405-440-nm blue light source. This intraoperative
adjunct allowed reduction of procedure time (30—45 min) for
fluorescence positive cases.

Widhalm et al. [26] in 2012 reported a wide and prospec-
tive study about 5-ALA assistance. They performed 50
frameless biopsies under general anesthesia and with patient’s
head fixated in the head clamp. 5-ALA fluorescence was vis-
ible in 43/50 patients (strong in 39 and vague in 4 cases).
Strong fluorescence was exclusively observed at the biopsy

target (contrast-enhancing area on MRI in 39 cases, PET
target in 8 cases, and chemical shift imaging in 3 cases) while
it did not occur outside the target. Afterwards, the same group
reported, in the form of abstract, the further experience with
primary central nervous system lymphomas [12] and brain
tumors in general [11]. This last case series amounts to 125
patients in which a final histopathological diagnosis was
established in 121 cases (97%). A strong fluorescence was
detected in 93/125 cases (78%) of which 92/93 (99%)

Additional records, not indexed in
the database, identified through
related sources
(n=2)

Fig. 3 PRISMA 2009 flow Records identified through
: p : ecords identifie oug
diagram abou.t information 5 PubMed/Medline database
through the different phases of = hi
systematic review B searcaung
= (n=191)
=
D
=
Records after duplicates removed
(n=165)
o0
£
=
D
e
23
9
Records screened
n=21)
Z
;a) Full-text articles assessed
5 for eligibility
(n=12)
y
= Studies included in
= qualitative synthesis
= (n=12)
=

Records excluded
(n=9)

Full-text articles excluded,
with reasons
(n=0)

@ Springer




Neurosurg Rev (2019) 42:309-318

314

(sewoydwA]  eIsoyjsour Asdoiq o[pesu sisejsejow 4 ‘sewroydwiA] £ ‘sewon3 210J0q 4 an[g-1o[01A [97]
L ‘DDH 7€) SIsed ¢ :00ud0sa1onj Suons « [eIOUSD)  OOBI0AINS SSA[OWRL] [ OHM 9 ‘Sewor]S [I] OHM 8 ‘NID ST 8y/8w oz A9 Iopun vIv-S 0§ ¢10T ‘WeYpIA
DT J0 (9%67) sased 71/¢ ur Aanisod 2ouedsaiony] «
sewoydwA| uononpur
30 (9%0) sase0 9/€ ut Ayianisod oudosaron[] « (e/u) sxoyio ¢ ‘sewoydwA] 9 ‘ewofPAW BISOYISOUR 20In08
ODDH Asdoiq ofpoou  opdnjnuu | ‘sewourudf 7 ‘ewowApuads  010Joq Y G—¢ yS1[ 19[01A-00[q [o1]
JO (99°18) Sased 7G/p ut Aanisod 0ou0sa1oN[ « B/ O1JOBJOAIDIS SSA[AWRI] [ ‘1IqOI9D SISOJRWONS € ‘DOYT 7] ‘DDH 7§ 3y/8W o7 [eI0 WU-(p JOpUn VIV-S 78 107 ‘Ioydeqie|y
uononpur
(%001 eisayisaue
Jo Ayorg1oads) onssn) Jowny J0J ONSouFeIp pue  BISAYISoUE Asdoiq o[pesu 18 {(%01) 1991 095 [91]
JUSISAION]J AIOM D100 Jowny urym s3urjdures [y « [eISUSD)  O1}OBJOAIDIS SSI[UIRL] WD  SySw gao MOTIHARpPUn T 9  $10T ‘Soig-Aoy
sojdures juodsazonyy uononpul
Jo soseo [[e ur ewoydwA] pourjuod A30[0Is1y Asdoiq orpesu BISUISOUE
QATIULJP O[IYM SUONOIS USZOY dANEIOdOBIUI UO  BISOUISOUE  ONJOBJOQIA)S SSO[OWIEI) 210J0q { § [62] s10T
Jpew sem SISOUFLIP QUOU IO JATJBUID)[E ‘SISBI QUWIOS U] [eIOUSD) pue paseq-ower,] sewoydwAT 38w o7 (810 VIV-S 9 ‘ojowrelIR X
punoj sem onssy sdoosolom
onsougerp 9oudosaIon(y [qISIA YIIM SIS [[e Ul « Asdoiq aAneiado patyipows [z1] s10g
(%66) syuaned g1/81 ur aoudosaronfy Suons « '/u Q[PaaU O1}0B)0INS sewoydwAT '/Uu Iopun VIv-S 61 STupYoSIA
JUIOSAION[J-UOU SEM JOWIN} FUIOUBYUI-)SEIIUOI-UON o
anssI} Jown) 10J d0UIISAION[J JO 940 | JO A1010adS «
JUSOSAION[J dIOM
9red SurouequR-1SLNUOd ) UM ‘SI[dUIeS JO 908 «
10)[1 9dodsoIou  RISAYISAUE Ksdoiq a[podu ewol[3 ope1s-mo] ‘ewoydwA] e/u
aanerodo pue uadoron,] USIMIOq SOUBPIOIUOD [[N,] « [BIOUSD)  O1}OBJOAIA)S SSO[OUIRI] ‘(11 OHA\) ewojkoonse asngip ‘NGO 8y/8w ¢ ‘a0 uadoronp Jopun 14 [2Z] 910T ‘UaIyL
sisougerp
3 .
PIAISIAT 2OUIOSAION]J TUONS UM SISBD JO 9566 (bON 10 oMy
SOSED JO 9G] Ul Uou ss197) adoosooru
pue 9/, U1 an5eA ‘958/ Ul PUNOY 20U0SAIONY FUOKS » Asdoiq oppasu (e/u) s10y10 77 ‘sewioyduwiA] aAnerado payrpowt [11]
9,16 U1 paurejqo sisougerp [edr3ojoyredolsiy [eur, « B/U  O1)OBI0AIY)S SsI[oweL] Sz ‘(TI OHA) Sewojkoomse ] ‘INGD +9  B/u ‘3y/3w (g Iopun yIV-S SZI £10T ‘1S9
%6 onfea aAnoIpaid aAne3ou « uoeutjaAwiap uonanput - X313 2d0osoxdIN
o : aAnoejowny | ‘spieydooud | ‘siseisejowr BISOYIsaue pouoau] sndwik|o
%001 :dn[ea ARIpaid aamIsod « grcamsone Asdorq o[pasu | ‘sewoydwiA] ¢ (I OHA) SBWOILo0NSE Ioye 10 MY 095
A3o103s1y 9AneIadoenur pue ] Uoamioq uosLeduwoo « [eI0USD)  O1OLI0AIN)S Ssepwel] € ‘(T[T OHA\) sewor[3 onsejdeue ¢ ‘INgD ¢ SM/Bw ¢ A0 MOTIIA Jopun 14 81 [12] L10T ‘UaryL,
dnoi3 jonuod £sdoiq worsIoun
ot 0) paredwod uonezieydsoy pue ‘@mpasord Q[PaoU S11OBI0RIAS unys 210j0q
Jo s ‘Aypiqiow ‘roquinu surduwes Jo uononpay « onoysoue onougewonoop unw (7
SIown) urelq JO 2109 JUIOUBYUS-ISEIUO0D UIPIM [890] ssoqurd ssojowely sewoydwA| {(%07) N 095
90U0SAION[J JO ANANISUIS pue AJNOLI0AdS 95001 » UM DJeMY pue paseq-owrel] ¢ ‘(1[I OHA\) Sewor3 onsejdeue 7 ‘INgD 9 S/Bw ¢ A9 MOTIAA opun T4 ] Apmys juasarg
Surum
uonensIuIpe sid
sSurpuy Apmig  BISoyIsauy anbruyo9) [eoI1SING K30103STH pue asoq Io0eI) Jud0sAton{ "N Iedk oyny

s1owmn) ureiq 10 Asdorq o[pasu d1j0L)0AIN)S Ul AF0[0UYDI) PISLG-00UIISAION]] dATRIodORIUT ) JNOGE MITAI DINJBINI] OIRWI)SAS

zaIqeL

pringer

Qs



315

Neurosurg Rev (2019) 42:309-318

uononpur
UMOpeAIq ANSSY A JO ISNEIdq BISoISoUeR
onsougerp-uou sem A30[0)S1Y dAneIddoRnUT USYM  BISIYISOUE Asdoiq orpesu sewoydwA| 210J0q y | W)SAS 1ose| [82] LoOT
os[e sojduwres Asdorq ur anssy Jown} JO UONBULIIUO)) » [eIOUSD)  ONOBJ0AIV)IS SSO[AUWIRL] 7 ‘(I OHAL) BWwojkoonse 7 ‘INGD ¢ 3y/8w g [eI0 an|q Jopun y'Iv-S 9 ‘ryongewe)
SOSBD [[B Ul QAISN[OUO0D 2IdM SIISO[0ISTH o Aon
PAIApISUOD o10M soduues oYy oN] « _erodoaid
SOSBO [[B EISOUSouE Asdoiq opesu 49
ur Jo31e) Je ojduwies ISIIy oY) YIM QOUIISAION]J SUONS o [eIOUSD)  O1}OBJOAIA)S SSI[OWIRI] DDOH 3y/8w (7 [eI0 WIS AN JOpUn VIV-S G| [9] 8007 ‘WoH
uononpur
Asdo1q a[paau BISOUISOUR
seale Juonbo[o U SEMBIPYIIM  BISSYISOUE  O1OI0AIS SSO[OUIRI) (I OHM) 210J0q [ ¢ [#1]
JoUpIny SUIPIOAR UOT)BULIFUOD JNSOUTRI(] « [eIoUSD) pue paseq-owel, rwojLoonse asnyrp pue ewoydwA <3y/Bw 07 ‘A9 W3 AN IOPUN VIV-S T 1102 ‘TyonLIoN
soses oApisod douodsaronyy
J0J (U GH—()€) dwn Npadoid Jo uononpay »
JIqISIA SEA 90U0sAION]J dAnISOd
uoms J1 uonods udzoiy ou pue s3urjdwes oYL} ON «
siso1]3 oyroadsun pue uononpul
sewo}£o0nse JT OHA\ :Suaunoads Juaosatony-toN « sison3 ogroadsun 7 ‘ewounuog | RISOUISAUR 901n0s 1y31|
swisedosu  eIsayisoue Asdoiq o[pesu ‘searoydwA] 4 ‘(I] OHA\) SewojAd01se 210J0q 4 on[q Wu-0 S0t [szl z102
opei3-y31y 1o JueuSiew :sudwIoads Ju0saIoN| ] « [eIOUSD)  O1)OBJ0AIV)IS SSO[OUWIRT] 7 ‘(11 OHA) sewokoonse 7 ‘INGD 9 :8y/Sw oz [eI0 B IOpUN VIV-G L] ‘odwe)) uoa
S1ey Asd A 3 .
10818) Asdoiq je A[uo sousdsalonfy Suong sdodsosonu
(sisejsejoul | “DOT 9) SIS / :20UIISAION[J JUON o uononpur aAnesado
(saseyseloul € ‘DOH 1) SISED § :90UISAION]J INTLA » BISOUJSOUE J0 Y311 uoneIOXS
Surun
uonensIuIupe sd
sSuipuy ApmS  eISayIsauy anbruyoe) [eo13INg K3o103sIH pue asoq Io0eI) Judosaton]y N Iedk oyny

(ponumuoo) g J[qeL,

pringer

Qs



316

Neurosurg Rev (2019) 42:309-318

received a final diagnosis. The non-diagnostic case that
showed strong fluorescence (1/93) presented inflammatory
changes in the specimen.

The largest case series in 5-ALA fluorescence-
assisted stereotactic needle biopsy was reported by
Marbacher et al. [10] in 2014. They performed 82
frameless biopsies of several entities of brain tumors.
They observed a high fluorescence positivity rate only
in HGG (84.6%). In lymphomas, it was positive for half
(50%) and in LGG just 25%. No data were available
about intraoperative histology use, planned target, surgi-
cal times, and procedure-related morbidity.

The last paper about 5-ALA in stereotactic biopsies was
published by Yamamoto et al. [29] in 2015. This study includ-
ed also further biopsy modalities; therefore, some results were
mixed. The authors performed frame-based or frameless pro-
cedures in general anesthesia for 6 cases of lymphomas. They
planned a first target at the central or near-central region of the
enhanced mass and four or more samples around the first
target and periphery of the tumor. Samples with positive fluo-
rescence underwent intraoperative pathological examination.
It is relevant to note that, in some cases, alternative or none
diagnosis was made while definitive histology confirmed lym-
phoma in all cases.

The first paper about FL assistance in this field was report-
ed by Rey-Dios et al. [16] in 2014. They used FL (3 mg/kg)
fluorescence-assisted frameless stereotactic needle biopsy in 6
patients with glioblastoma. The patients were in general anes-
thesia and with the head fixated into three-point head holder.
Fluorescence status was verified under filter integrated into
operative microscope. Interestingly, they planned sampling
within tumor core (enhancing and non-enhancing core) and
margins to verify the different degree of fluorescence that was
fluorescent only in enhancing core. All fluorescent samples
were diagnostic for tumor tissue. Sensitivity and specificity
were 79 and 100%, respectively. However, considering just
results within enhancing core, sensitivity rate was also 100%.

The second paper about FL use was reported by Thien et al.
[22] in 2016. They performed FL (5 mg/kg) fluorescence-
assisted frameless stereotactic needle biopsy under general
anesthesia in four patients with brain tumors (three contrast-
enhancing and one non-contrast-enhancing on MRI). They
verified fluorescence status through a new device
(Fluoropen) that showed full concordance with operative mi-
croscope filter. Four of five samples (80%), taken from the
contrast-enhancing part of the tumors, were fluorescent. All
four specimens were diagnostic for tumor tissue. The contrast-
enhancing but non-fluorescent sample was a lymphoma
underwent high-dose dexamethasone preoperatively. Finally,
the one non-contrast-enhancing tumor appeared non-
fluorescent and histology was in favor of a low-grade glioma.

The same Singapore group [21]recently reported their fur-
ther experience [22] with FL in the stereotactic biopsy of
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contrast-enhancing brain lesions in 18 patients. The most in-
teresting aspect was the comparison between FL and intraop-
erative frozen section assessment to confirm pathological tis-
sue samples. All fluorescent specimens (83 %) were confirmed
to be pathological on intraoperative histology (positive predic-
tive value 100%). The non-fluorescent specimens (17%) were
confirmed to be lesional in three of the four cases and non-
diagnostic in the remaining case (negative predictive value
25%).

Discussion
Technical and clinical aspects

In our experience, FL adjunct was easy to integrate in practice
and it resulted very helpful in the intraoperative assessment of
the specimens. This tool modified our usual strategy because
it systematically gave an immediate double check (macro-
scopic aspect and fluorescence status) without need of addi-
tional validations. In patients treated without FL assistance
(group 2) in fact, we chose to make more samplings (mean
2.89) even in the cases of apparent pathological tissue at first
withdrawal to not invalidate the procedure. Furthermore, the
use of intraoperative frozen section analyses was more fre-
quent and it lengthened a lot the procedure time (69.72 vs
42.09 min, P=0.005). Of course, this last aspect may have a
particular relevance on awake patient compliance. On the con-
trary, the fluorescence positivity in group 1 allowed us to
speed up the procedure, to not consider intraoperative histol-
ogy and to perform the useful minimum number of samples
because of high specificity of dye. In general, fluorescence
positivity, in fact, demonstrated to give information also when
intraoperative neuropathological examination is non-
diagnostic because of tissue breakdown [28]. Similarly, Hefti
[6], Moriuchi [14], von Campe [25], and Thien [21] conclud-
ed the procedure with a very limited number of samples if
fluorescence status was positive. In particular, Hefti [6] and
von Campe [25] performed just one withdrawal with or with-
out support of intraoperative histology, respectively. Anyway
the impact of this choice on morbidity was not sufficiently
stressed. Only Moriuchi [14] mentioned it for deep-seated
tumors. In our practice, the group treated with FL did not
undergo surgical complications and in all cases “a day
procedure” was realizable, also with inevitable favorable
cost-implications. If you consider the low cost of the drug (less
than € 5 per vial), this last datum becomes particularly impor-
tant. Though the rates of bleeding between the two groups were
not statistically significant, in group 2, their higher occurrence
(even if minor in most cases) needed a quite longer but signif-
icant observation period (2.33 vs 1.09 days, P=0.03).

Finally, it is clear that photodiagnosis is only complemen-
tary to the traditional frameless or frame-based stereotactic
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techniques and it cannot guide to the target. A correct preop-
erative planning remains paramount. However, intraoperative
assessment of the specimens is equally a crucial point of the
procedure that could take several intra- and post-operative
implications. Therefore, in our opinion, the impact of this
technology in clinical practice may be very relevant to reduce
the rate of non-definitive diagnosis limiting, at same time,
duration of the procedure, morbidity, and costs. Even the
eventual choice of the awake method might take this into
account.

Diagnostic accuracy

The patients’ selection and the planning of the biopsy target
(contrast-enhancing core of brain tumors) appear particularly
important elements for a successful procedure. FL, in fact, is a
marker of blood-brain barrier damage [5, 18] that showed
strong correspondence with radiological contrast agents [3].
For this reason, its application for biopsies of contrast-
enhancing brain tumors on MRI appears appropriate but the
only indicated. In our study and in the others review, biopsies
at the core of high-grade/contrast-enhancing tumors showed
high rates of specificity and sensitivity (= 100%) of fluores-
cence for tumor tissue similar to 5-ALA. In relation to intra-
operative histology, the positive predictive value of FL is
100% and the negative predictive value is 25% [21]. On the
contrary, with FL, tumor non-enhancing core and margins
may not show any fluorescence and biopsies carried out there
may significantly reduce its sensitivity rate (from 100 to 79%)
[16]. Histology of the periphery of the fluorescent area, in fact,
may show a transition from low-grade to normal brain tissue
with reactive gliosis that FL could not depict [3]. At tumor
borders, also specificity rate could decrease with FL because
of'the possible false-positivity related to every cause of blood-
brain barrier disturbance (e.g., perifocal edema, scar of a pre-
vious surgical, and/or radiant treatment [17]). Even so, speci-
ficity rate generally decreases much less than sensitivity rate
(specificity 90.9-95% versus sensitivity 82.2—84.61% [3, 5]).
Anyway, also 5-ALA fluorescence, even if tumor-specific,
showed higher false-negative rates in low-grade/non-con-
trast-enhancing tumors [8, 28] and its adjunct may not add
value [10]. However, it must be underlined that the reviewed
papers complexively showed a weak evidence in the evalua-
tion of diagnostic yield; 5-ALA accuracy was supported by
some more and wider studies than FL. Anyway, the aggrega-
tion of information led to a slightly higher statistical power.
The next step may be to conduct controlled prospective trials
also to build a meta-analysis.

Finally, a singular aspect that would be interesting to con-
sider is the late false-positive FL fluorescence, reported in
high-grade glioma surgery [3, 17] as result of surgical brain-
blood barrier damage. For ethical reasons, it was not verified
in stereotactic neurosurgery. It should be considered that

revisiting the same target or near-target area after a variable
period of time (e.g., after intraoperative histology) may show a
false-positive fluorescence of the tracer.

Limitations of the study

The main limits of the study are the small case series and
studies design that do not offer a strong external validity.
Especially, FL use as systematic alternative of intraoperative
histology (gold standard) cannot be recommended until the
clear benefit of FL had been proven in larger series.

Conclusions

FL assistance during stereotactic needle biopsy of contrast-
enhancing brain tumors demonstrated to be able to give a
real-time confirmation of tumor tissue and to reduce time of
surgery, morbidity, and hospitalization. For this reason, it may
help make stereotactic biopsy a low-risk procedure with high
diagnostic yield and cost-effectiveness. In this setting, awake
technique appears advisable. Anyway, further studies are
needed to validate FL assistance in stereotactic biopsy.
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