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Italian multicentre study on intrathecal
fluorescein for craniosinusal fistulae
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nelle fistole rinoliquorali
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SUMMARY

Cerebrospinal fluid leak (CSF), clinical sign of a dural lesion of the skull base, is a relatively rare event that can present with
a variety of symptoms. Every craniosinus fistula should be considered a serious, potentially life-threatening situation (even
those cases with hidden CSF leak). Reports of experience concerning diagnosis and treatment of craniosinus fistulae have
appeared in the Literature. In the last few years, the endoscopic nasal approach is proving effective as it makes diagnosis
much easier and is the least invasive surgical approach, with the greatest percentage of success. Various classifications are
being proposed to improve clinical evaluation of CSF leaks and to simplify the diagnostic and therapeutic approach. The
most common parameters of classification are: aetiology (traumatic, iatrogenic, non-traumatic, etc.) site, type of flow (high
or low pressure) and, as far as concerns treatment, the type of graft used, all of which have contributed to various diagnostic
and therapeutic algorithms being proposed. Therefore, the subject seems to be widely schematized and the therapeutic at-
titude widely agreed. However, one of the diagnostic and therapeutic approaches is now being questioned. For some, it is
the heart of the clinical approach, while for others, it is a useful tool yet too dangerous to be used on account of potential
side effects: namely, the fluorescein test. This procedure, consisting of intrathecal injection of a colorant (fluorescein), is
well known by the Food and Drug Administration (FDA) which neither explicitly prohibits it, nor allows it, intrathecal
administration is, therefore. an off label use. As far as the Authors know, authorization of this procedure has not been forth-
coming anywhere in the world although the procedure itself is widely employed. As far as concerns the use of intrathecal
fluorescein, many scientific papers have been written, clearly supporting its clinical usefulness. One limit to the use of fluo-
rescein derives from frequent reports of complications, often related to the intrathecal administration; such complications
are, however, always due to an incorrect dosage. In order to perform correct monitoring of any complication related to the
use of intrathecal fluorescein and to investigate in a strictly scientific fashion, the legal problem related to the off label use
(intrathecal administration) of an authorised substance, the Authors coordinated an Italian multicentre study aimed at estab-
lishig the tolerability of the lumbar intrathecal administration of fluorescein. Aim of the study was to review the literature
focusing on CSF leaks, to set up to date diagnostic and therapeutic indications of fluorescein and to report the preliminary
results of the Italian multicentre study.
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RIASSUNTO

La rinoliquorrea, segno clinico di lesione durale della base cranica, rappresenta una evenienza relativamente rara, che puo
presentare un’ampia variabilita di presentazioni cliniche. Tutte le fistole rinoliquorali (anche se la liquorrea é occulta) vanno
considerate come situazioni cliniche gravi, con pericolo per la vita. La letteratura riporta una notevole esperienza relativa
all’inquadramento diagnostico ed al trattamento delle fistole rinoliquorali. In questo ambito, da alcuni anni, si sta imponendo
I’approccio nasale endoscopico che puo facilitare la diagnosi e risulta essere la soluzione chirurgica meno invasiva e con le
maggiori percentuali di successo. Varie classificazioni sono state proposte per migliorare I’inquadramento clinico delle fistole
rinoliquorali e facilitarne I’approccio diagnostico-terapeutico. I parametri classificativi principalmente utilizzati sono: ezio-
logia (traumatica, iatrogena, non traumatica, ecc.), la sede, le caratteristiche di flusso (alta o bassa pressione) e, per quanto
riguarda il trattamento, le caratteristiche del graft utilizzato. Su queste basi sono stati proposti algoritmi diagnostici e terapeu-
tici. Sembrerebbe quindi che I’argomento in oggetto sia largamente schematizzato e che I’atteggiamento clinico sia ampiamen-
te condiviso. Nella realta, ad oggi, risulta in discussione uno dei presidi diagnostici e terapeutici, che per alcuni rappresenta
il cardine fondamentale dell’approccio clinico e per altri, pur costituendo un utile ausilio potenziale, é da proscrivere per le
possibili complicanze cui essa espone: la prova della fluorescina. Tale procedura, che consiste nella somministrazione di un co-
lorante per via intratecale (la fluorescina), risulta conosciuta dalla American Food and Drug Administration, non é da questa
esplicitamente vietata, ma non é nemmeno autorizzata, pertanto si tratta di una somministrazione “off label”. Per quanto noto
agli Autori, I’autorizzazione a tale procedura non esiste in alcun Paese nel mondo anche se viene largamente e diffusamente
praticata. Sulla utilizzazione della fluorescina per via intratecale sono state scritte peraltro molte pubblicazioni scientifiche che
ne dimostrano con certezza l'utilita clinica. Un limite all’utilizzo nasce, in effetti, dalla comunicazione di numerose compli-
canze derivate dalla somministrazione intratecale; tali complicanze, peraltro, risultano invariabilmente legate ad un errore di
dosaggio. Per consentire un corretto monitoraggio di eventuali complicanze legate all’applicazione della tecnica in questione
e affrontare con serio spirito scientifico le problematiche medico-legali legate all’utilizzo di un prodotto autorizzato per una
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via di somministrazione non autorizzata, gli Autori hanno attivato uno studio multicentrico volto a verificare la tollerabilita
della fluorescina somministrata per via lombare. Scopo del presente lavoro é rivisitare la letteratura sulle rinoliquorree per
fare il punto sulle attuali indicazioni diagnostico-terapeutiche della fluorescina e riportare i risultati preliminari dello studio

multicentrico italiano.

PAROLE CHIAVE: Fistole rinoliquorali ® Liquor * Liquorrea * Fluorescina * Endoscopia nasale
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Introduction

Cerebrospinal fluid (CSF) fistulae represent a clear sign of a
dural lesion of the skull base. Clinical presentation of CSF
fistulae can vary considerably, ranging from small gaps
with a hidden CSF leak, to high flow leaks (generally post-
operative or post-traumatic). Neurosurgeons traditionally
deal with these different situations using treatment that rap-
idly span from very conservative (CSF drainage) to very ag-
gressive (craniotomy). CSF drainage, on the one hand has
been widely used even when it could be avoided, while, on
the other, the invasiveness of a craniotomic approach often
delayed the performance of a resolutive surgical approach.
This clinical attitude, caused by the limited choice of treat-
ments, has, for several years, delayed efforts towards a pre-
cise diagnosis of the disease under examination. It is also
important to remember that any fistula located in the skull
base, even if the CSF leak is small and often not recogniz-
able, can lead to potentially lethal complications. Bacterial
meningitis is the main cause of morbidity and mortality, in
these patients, and is often the first clinical sign of the dis-
ease. In view of all these considerations, early diagnosis of
a dural defect, as well as its localization and surgical re-
pair, are mandatory, also bearing in mind that the fistulae
could be multiple. There are some preferential CSF leak
sites: the roof of the anterior or posterior ethmoid, the olfac-
tory groove, the roof and lateral wall of the sphenoid sinus
and the posterior wall of the frontal sinus . The site of the
leak is related to the pathogenesis of the dural lesion and
the most accredited classification is currently based upon
pathogenesis. The classification of Har-El 5 refers to CSF
leaks as traumatic (iatrogenic or accidental) and non-trau-
matic (congenital or idiopathic). A specific situation is relat-
ed to high pressure CSF leaks, that may be either traumatic
or non-traumatic. These are characterized by increased CSF
pressure, as in the case of hydrocephalus or by the pres-
ence of an intracranial mass. The clinical presentation of
patients with CSF-nasal fistulae varies considerably as the
CSF leak may be intermittent, with occasional headache or
nasal blockage and often meningitis (sometimes recurrent)
as the most evident clinical sign of a dural lesion.

The diagnosis of a suspected CSF leak has two endpoints:
1) to demonstrate the presence of CSF rhinorrhea and 2)
to identify the precise site of the leak ¢. A combination of
several clinical tests may be used to confirm the diagnosis
of a CSF nasal fistula: biochemical analysis (beta 2 trans-
ferrin, beta trace dosage, etc.), radiological investigation
(high definition computerized tomography (CT) scan) and
fluorescein nasal endoscopic evaluation. Various diagnostic
algorithms have been proposed in the literature for guid-
ance in the correct use of the different tests. In each of the

diagnostic algorithms the fluorescein test has a precise in-
dication whenever a CSF leak is suspected and its presence
and site have to be demonstrated *®.

Personally, we agree with the simple algorithm of Locatelli
et al. ¢ that relies on the biochemical examination of a fluid
sample (whenever possible), on nasal endoscopy and on
imaging techniques (CT scan, magnetic resonance imaging
(MRI)). When these first evaluations give positive results,
there is the indication for surgical repair of the dural lesion,
when the preliminary tests are negative, the fluorescein test
follows in order to locate and to confirm or exclude a CSF
leak.

In this and in every other algorithm, the fluorescein test is a
fundamental diagnostic tool in cases of low pressure cranio-
sinusal fistula with hidden or intermittent CSF leak.

As far as concerns treatment, many different techniques and
materials for surgical repair have been proposed, but every
variation relies on the endoscopic nasal approach that, to-
day, has replaced the traditional craniotomic approaches
due to its minimal invasiveness and to the optimal results
obtained (= 90% success in sealing the dural gap after the
first endoscopic intervention and = 97% success after the
second endoscopic attempt) °°.

The good results and the limited invasiveness, demonstrated
by endoscopy, reduced the indication of conservative treat-
ment, thus limiting the use of CSF drainage to acute post-
traumatic fistulae ®. The rules to optimize the endoscopic
approach are a precise definition of the site and size of the
fistula, as well as evaluation of the presence of multiple fis-
tulae and adequate preparation of the area surrounding the
gap in order to guarantee good adhesion of the graft. To ob-
tain these results, the use of intrathecal fluorescein has again
been proposed in the literature since it allows not only ideal
visualization of the defect, but also intra-operative evalua-
tion of the effectiveness of the repair. Recently. the use of
intrathecal fluorescein, during skull base surgery, has been
introduced in those cases at high risk of CSF leak or when a
dural defect is programmed .

Fluorescein

Sodic fluorescein is a green fluorescent compound used
for various applications in man, mainly in ophthalmology.
The use of sodic fluorescein to detect a suspected CSF leak
started back in 1960 to impart its fluorescence properties
to CSF and facilitate its identification 2. The introduction
of endonasal techniques resulted in great importance be-
ing attributed to the use of this substance for diagnostic
and surgical means purposes *'®. Wolf et al., in particular,
reported, in 1997 7, their experience on as many as 925
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patients who underwent intra-thecal sub-occipital infusion
of sodic fluorescein while referring to “over 250 more re-
cent cases” where fluorescein had been administered via
lumbar injection. Applying a blue filter on the light source
and a yellow filter on the endoscope lens is a useful tech-
nique to enhance fluorescein in very low flow fistula .
To our knowledge, there is no clinical experience con-
cerning other compounds used to stain the CSF flu-
id in order to more clearly reveal its presence dur-
ing nasal endoscopy. Anyway, fluorescein gained
consent by proving to be effective even at low doses.
The nasal endoscopic approach can be applied even with-
out using intrathecal fluorescein where the fistula is evident
maintaining its effectiveness, whereas mistakes are more
common when treating smaller defects or multiple fistulae
that can never be excluded.

Based on these considerations, intrathecal fluorescein is, for
most Authors, the clinical approach of choice to CSF leaks.
For other Authors, use of fluorescein might be a valuable
aid but should be avoided due to possible complications.
Although the label on the bottle of fluorescein states that
it is “not for intrathecal administration”, off label intrath-
ecal use is neither indicated nor prohibited by the United
States’ Food and Drug Administration. The Authors are not
aware of explicit authorization for intrathecal administra-
tion of fluorescein, in any country in the world, although
the procedure is widely practiced worldwide, outside of the
United States.

The major limitation to the use of fluorescein is a conse-
quence of complications that have been attributed to in-
trathecal use; these include seizures but also death always
related, however, to errors in dosing.

Recently, local administration of fluorescein through the
nose has been proposed.

“A change in the colour of the fluorescein from yellow to
green fluorescence and sometimes streaming the fluores-
cein over the nasal mucosa and blood denoted the presence
of CSF, and the site of the leak could be traced” *?. Further
studies are needed on this technique, however, before being
clinically approved.

Complications

Very few publications, in the literature, are significant as far
as concerns the number of cases treated. The report of Wolf
et al. 7 represents one of the most important papers pub-
lished on this topic and, to date, refers to the largest series,
analysing 925 cases where fluorescein had been adminis-
tered suboccipitally and = 250 cases where fluorescein had
been administered through a lumbar injection.

The Authors insist that the dose of fluorescein should be
equal to, or lower than, 1 ml in a 5% mixture (a total of 50
mg of sodic fluorescein). In the first 925 cases, 3 epileptic
crises have been reported as a complication, while lumbar
administration was free of side-effects. The Authors con-
clude that, if the suggested dosage is respected and lumbar
administration is adopted, the technique is safe and without
complications.

On the basis of Wolf’s experience, many endoscopic sur-
geons adopted this technique. As far as complications are
concerned, following the more widespread use of this tech-
nique, the results are extremely varying. Many contributors

report the absence of side-effects, or the presence of only
minor collateral effects, in thousands of cases treated with a
total dose of fluorescein up to 50 mg. The side-effects also
seem to be only marginally related to the use of fluorescein
itself and are always temporary ¢ (Table I).

The contribution of Meco and Oberascher 7 deserves atten-
tion as they did not report any complications in “more than
900" treated cases. On the other hand, many sporadic com-
munications of severe complications can be found in the lit-
erature (epileptic crises, grand mal epilepsy, opisthotonos,
peripheral nerve palsy). Severe complications are always
related to the direct irritant action of fluorescein by way of
chemical meningeal trauma due to overdose of the stain, as
pointed out by Syms et al. *, in an experimental study on
dogs.

Relying on these experiences, literature expresses almost
unanimously that pure sodic fluorescein should be admin-
istered in a 5% concentration up to 1 ml (50 mg) of total
dose. Fluorescein should be mixed with previously with-
drawn CSF (ideal quantity 9 ml) and slowly reinjected into
the lumbar column.

Keerl et al. * published a paper analysing 420 cases that
they had treated in different hospitals, but mainly described
the cases reported to the FDA. Analysing these data it can
be seen that 7 cases of major complications have been re-
ported, including one death. All these complications appear,
however, to be related to errors in dosage. In the worst out-
come, resulting in death of the patient, it was impossible to
define the exact amount of fluorescein administered, but it
was certainly = 500 mg, while in the less serious cases, it

Table 1. Major publications on intrathecal administration of fluo-
rescein with doses less than or equal to 50 mg.

Intrathecal fluorescein
< 50 mg total dose

Authors Year No. cases Specific serious
of publication treated complications
Moseley et al. 1978 1 1 transient
Lanza et al. 1996 25 0
Wolf et al. 1997 250 0
Guimaraes and Becker 23 0
2001
Lund 2002 6 0
White et al. 2003 13 0
Keerl et al. 2004 420 2 transient ***
Meco and Oberascher 900 0
2004
Lindstrom et al. 2004 10 0
Silva et al. 2006 24 0
Locatelli et al. 2007 135 1 transient

(cause unclear)
Demarco et al. 2007 18 0
Placantonakis et al. 2007 54 0
Tabaee et al. 2007 61 0

1940

***100 mg fluorescein and simultaneous intrathecal administration of
radiographic contrast medium
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was 100 mg or even more. It can, therefore, be assumed that
a 50 mg dose should be safe.

Keerl et al. 2* always analysed the complications reported to
the FDA and to the producers resulting from intravenous and
local lacrimal administration of fluorescein. As far as intra-
venous (iv) administration is concerned, many adverse reac-
tions have been reported, with 13 deaths, but only one major
complication leading to death after a simple local lacrimal
application. Obviously, these data are related to a very large
number of treated cases and are not comparable to those ob-
tained from the intrathecal administration of the stain.

It is worthwhile pointing out that exceptional cases have
been reported such as that described by Moseley et al. in
1978 3 where lower extremity weakness and numbness,
cleared within 48 hours, was observed after intrathecal
administration of only 25 mg of fluorescein. To avoid this
risk Placantonakis et al. 7’ propose that premedication of the
patient, with diphenhydramine and dexamethasone, be sys-
tematically adopted to protect against such chemical menin-
geal irritation. Albeit, it is difficult to distinguish between
side-effects due to to surgery and the patient’s general con-
ditions and those due to the use of fluorescein ?7.

The Italian multicentre study

As already pointed out, it has been reported in the literature
that low-dose intrathecal fluorescein is generally considered
a safe procedure. In 2004, we started the administrative
procedures to obtain the consent of the Ethics Committee
to commence a multicentre observational study aimed at
monitoring possible complications related to the use of the
technique under examination, following a strict operative
protocol using a total dose of fluorescein not over 50 mg, to
be administered in a 5% solution (1 ml) in turn diluted in at
least 9 ml of CSE. All patients enrolled in the study had to
sign a detailed informed consent. In the past, it was difficult
to obtain the fluorescein solution in the correct concentra-
tion, it was necessary to dilute the commercialized fluores-
cein solutions in a 10% or 20% concentration. This was fre-
quently the cause of mistakes. Monico SpA (Mestre-Italy)
currently produces and distributes the correct preparation
of fluorescein for adult intrathecal administration (1 ml, 5%
solution), even if the indication remains “off label”.

The Ethics Committee of San Paolo Hospital in Milan
(HSP) authorized a first experimental study, in March
2005, limited to HSP itself and to a limited number of cas-
es (total 8) in order to assess the safety of the procedure,
before allowing the extension of the study to other centres.
All procedures were performed according to the previ-
ously described protocol, all of which without any com-
plications. In March 2006, the Ethics Committee of HSP
finally authorized the start of a long Multicentre Study
aimed at evaluating adverse reactions related to the use
of fluorescein.
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