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Transnasal endoscopic treatment of cerebrospinal fluid leaks: 10 years’ experience
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Abstract. Transnasal endoscopic treatment of cerebrospinal fluid leaks: 10 years’ experience. The endoscopic repair of
cerebrospinal fluid (CSF) leaks has become a routine procedure. This study describes the endoscopic closure of CSF
leaks in a large series (36 patients) at the Jagiellonian University over 10 years (1999 to 2009). We describe the aetiology,
defect location, graft material, presence of encephalocele, history of meningitis, intracranial pressure, recurrence, and
follow-up. In our studies the aetiology of CSF leak was spontaneous in 4 cases, traumatic in 9, and iatrogenic in 23. The
defect was most commonly located near the ethmoid and sphenoid bones. Our initial success rate after transnasal endo-
scopic treatment was 88.9% (32/36). However, the overall success rate of 97.2% (35/36) and the low morbidity in this
series support the endoscopic approach as the standard of care for CSF leak closure. Follow-up ranged from 3 months to
5 years. Importantly, this high success rate can be achieved without the use of intrathecal fluorescein or a lumbar drain.

Introduction

Charles Miller initially described spontaneous CSF
leakage in a child with hydrocephalus in 1826. In
1889, Sir St. Clair Thomson investigated a series of
CSF fistulae of varying aetiologies and coined the
term “cerebrospinal rhinorrhoea”.!

CSF rhinorrhoea appears as a consequence of the
breakdown of the barriers separating the subarach-
noid spaces, skull base, dura mater and arachnoid
membrane from the nasal cavities.” Aetiologically,
the causes of CSF rhinorrhoea can be classified as
congenital, neoplastic, traumatic, iatrogenic, and
idiopathic.” The most important symptom is constant
and uncontrollable unilateral watery rhinorrhoea.
As this condition significantly increases the risk of
meningitis and encephalitis, surgical treatment is
advised. The dura mater of the cranial base adheres
firmly to the cribriform plate, the ethmoidal roof,
and the lateral wall of sphenoid sinus. Any patho-
logical process located in these structures may
create a communication between CSF spaces and
the nasal cavities.*

Historically, closure of these defects was
approached intracranially using classic open-skull-
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base surgical procedures. The open intracranial
approach provides a large surgical field and allows
for direct visualisation. It is associated with high
morbidity, including intracerebral haemorrhage,
cerebral oedema, frontal lobe deficits, lengthened
hospital stay, anosmia and high recurrence rates.’*

The first surgical repair of cerebrospinal fluid
leaks was carried out by Dandy in 1926, using an
intracranial approach through a bifrontal cranio-
tomy. The morbidity and risk of complications
were high, and the success rate was low (60%).”* In
1948, Dohlman introduced the extracranial
approach via naso-frontal incision, reducing the
risk of complications and achieving a success rate
of 60-80%.

The advantages of endonasal endoscopy include
an excellent field of vision that allows exact locali-
sation of the leak as well as improved evaluation
and quantification of bony dehiscence. The develop-
ment of endoscopic technology and improvement
of surgical techniques have led to transnasal
endoscopic approaches for CSF leaks. Endoscopic
closure was first described by Wigand et al.” in 1981,
and a small series was subsequently published by
Mattox and Kennedy in 1990." Endoscopic repair
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has become an accepted standard of care for the
operative management of most CSF leaks.'*"* This
study explores endoscopic CSF leak repair over the
past 10 years and describes long-term follow-up
and outcomes.

Material and methods

From January 1999 to December 2009, 36 patients
at the Jagiellonian University in Krakow underwent
plastic surgery for a CSF leak by the same two
surgeons (S.P. and O K.).

Results

The CSF leak aetiology was traumatic in 9 of the
patients (25.0%; car accident, blows), iatrogenic in
23 (63.9%; endoscopic sinus surgery, removal of
hypophysary adenoma, fronto-basal meningioma,
fronto-ethmoidal osteoma using a craniotomy ap-
proach) and spontaneous in 4 (11.1%) (Table 1).
Our study included 17 males (age range 14-
69 years) and 19 females (age range 11-67) with a
median age of 49. The most common location of
the defect was the anterior ethmoid, in 23 patients
(64%:; 11 lateral lamella, 10 cribriform plate, 2 eth-
moid roof), followed by the posterior ethmoid in 7
(19.4%), the sphenoid sinus in 3 (8.3%; 1 lateral
table, 1 posterior; 1 sphenoid roof) and multiple in
3 (8.3%; 3 spheno-ethmoidal). The most common
symptom was unilateral watery rhinorrhoea, which
occurred in 35 patients (97.2%) and was associated
with pneumoencephalus in 1 (2.8%) and meningo-
cele in 35 (97.2%). Definitive closure was achieved
in 32 (88.9%) after the first attempt. Relapses oc-
curred in 4 patients (11.1%, Table 2). All 4 relapse
cases underwent a second surgical approach to re-
inforce the graft with the same type of material.
This was successful in 3 patients; the last (Patient
2) continued to have rhinorrhoea one month after
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his craniofacial surgery. He was non-compliant
with post-operative care and was lost to follow-up
after the second surgical attempt.

The classic symptom of clear rhinorrhoea was
the most common presentation for all cases, and the
frequency of headache and meningitis was similar
in both the traumatic and spontaneous groups.
Elevated intracranial pressure was found in some
patients in our case series. Four patients who under-
went craniofacial resection due to neoplasms
invading the skull base reported one or more epi-
sodes of meningitis. Magnetic Resonance Imaging
(MRI) was performed only in case of meningocele
identified by endoscopic exam or suspected on
High-Resolution Computed Tomography (CT).

All patients underwent cranial base plastic surgery
through an endoscopic endonasal approach. The
surgical intervention was carried out under general
anaesthesia. The optics used were 0°, 30°, and 45°
optics. Dural leaks may produce rhinoliquorrhoea
medially to the middle turbinate or through turbinal
or septal defects. Adequate exposure can thus
require a subtotal resection of the turbinate or a
high partial excision of the nasal septum.

Surgery was performed under controlled hypo-
tensive general anaesthesia. Patients were placed
supine on the operating table in a 20° anti-
Trendelenburg position with slight extension of the
head. The nasal cavity was decongested with topi-
cal application of carbocaine with adrenaline.
Anterior and posterior ethmoidectomies were per-
formed with this technique. An intra-operative
increase in intra-cranial pressure induced by a
Valsalva manoeuvre was used to identify the site of
the leak intra-operatively.” Once the defect had
been identified, the mucosa bordering the defect
was removed to expose the bony and dural defects.

The type of repair is dependent on the size of
the bony and dural defects. Smaller dural defects
(less than 3 mm) are repaired with a free mucoperi-

Table 1
Site and aetiology of leak
Aetiology of leak
Numbers of patients Site of leak
Traumatic Iatrogenic Spontaneous
23 Anterior ethmoid 5 16 2
7 Posterior ethmoid 1 5 1
3 Sphenoid 1 1 1
3 Multiple 2 1 0
36 Total 9 23 4
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Cause of failure

Patients Site of leak Aetiology Time of relapse (days) Alleged cause of relapse
I Ethmoid roof Tatrogenic 14 Partial separation
II Lateral lamella Traumatic 6 Complete separation
I Posterior ethmoid Traumatic 32 Partial separation
v Cribriform Plate ITatrogenic 13 Too small graft

chondrial graft or adjacent mucoperichondrial flap
anteriorly or posteriorly from the middle turbinate
or nasal septum. The graft is fashioned to overlie
the dural defect and at least 4 mm of the surrounding
intact dura or bone. Multiple dural defects, dural
defects larger than 3 mm, or large bony skull-base
defects are repaired with composite using lyophi-
lised dura, cartilage, or bone (Figure 1). The carti-
lage graft or lyophilised dura is positioned in a
pocket between the dura and existing bone, circum-
ferentially around the bony defect. The intranasal
graft or flap is firmly supported with Gelfoam fol-
lowed by a tampon.’

The intra-operative intra-thecal fluorescin test
was not performed.” In this case series, a lumbar
drain was not used in any of the patients. Post-
operative management was based on diuretics
(Acetazolamide 250 mg/day) and antibiotics, both
for 5 days. Bed rest in the supine position, with re-
verse Trendelemburg (20-25°), was required for 72 h.
Patients were advised against coughing, sneezing,
nose blowing, or straining. All patients were dis-
charged after 72-96 h. Follow-up of asymptomatic
patients consisted of evaluations once a month for
the first 3 months, then twice yearly for the first
year, and once yearly for the following 2 years.

Discussion

CSF is produced in the choroid plexus of the
ventricles as well as by capillary ultrafiltration and
intracranial metabolism of water. Under normal
circumstances, CSF flows freely within the ventri-
cles and subarachnoid space to the location of its
eventual resorption at the arachnoid villi."* CSF
leak is a serious condition occurring spontaneously
or as a result of head trauma, surgery, neoplastic
invasion, inflammatory erosion of the skull base, or
congenital malformation. The aetiologies can be
classified broadly as traumatic, including surgical
and accidental trauma, and non-traumatic. The non-

traumatic category can be subdivided into patients
with high intracranial pressure and normal-pressure
leaks."”

Spontaneous CSF leaks are associated with idio-
pathic intracranial hypertension, also known as
pseudotumor cerebri. Demographically, these
patients are typically obese middle-aged women.
Clinically, patients with benign intracranial hyper-
tension present with size and symptoms suggestive
of increased intracranial pressure, such as pressure
headache, papilloedema, pulsatile tinnitus, and
visual disturbances. Imaging studies generally show
small ventricles and empty sella.'>'

A variety of techniques have been reported for
the repair of a CSF fistula. In 1952, Hirsch described
the first endonosal repair of CSF rhinorrhoea using
a septal flap. Montgomery described his experience
with septal flaps through an external nasal approach
to treat CSF rhinorrhoea.”'® In 1976, McCabe re-
ported his experience with the use of osteomuco-
periosteal flaps from the septum or middle turbinate
through an external ethmoidectomy approach.” In
1980, Calcaterra described the use of free muscle or
fascia grafts to treat CSF fistulas using an external
ethmoidectomy approach, and, in 1989, Papay et al.
described an endoscopic technique.” In 1993
Amedee et al. reported the use of multiple free
grafts, including septal mucosa, fascia, and abdomi-
nal fat.”” These authors were successful in closing
the CSF leaks. The only failure occurred in a patient
with a spontaneous CSF leak arising in the lateral
sphenoid sinus which was repaired using an endo-
scopic technique and required a 70° telescope for
visualisation. Lanza et al. (1996) repaired cranial
base defects using a mucoperichondrial or muco-
periosteal graft and septal cartilage.’ In 1996 Weber
et al. used free grafts or vascularised flaps, or a
combination of the two, either as an onlay or under-
lay technique for successfully repair of CSF leaks.®

Since Wigand described endoscopic skull base
repair in 1981,"° the popularity of this technique has
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Figure 1
A. Scan of a post-traumatic fistula of the left sphenoid sinus. The fractured lateral wall
of the left sphenoid sinus is clearly visible. B. The different layers needed to close a large
defect (green — the underlay fascia; yellow — auricular cartilage; blue — the overlay
fascia; violet — Oxicell, the fibrin glue).

risen among laryngologists and neurosurgeons.
Many series have been published, with success rates
ranging from 83 to 100%. It has been suggested that
endoscopic repair be limited to defects less than
2.0 cm in size.”*?"» The choice of the approach
and the materials used during the endoscopic
endonosal closure of CSF fistula is based on the
availability of the material and on the experience of
the operating surgeon with various techniques."”

The diagnosis of CSF leaks can be confirmed by
several tests, including biochemical, analysis,
radiological investigation and fluorescein nasal
endoscopic evaluation.** The diagnosis of CSF
leaks had two end points: 1) to demonstrate the
presence of CSF rhinorrhoea and 2) to identify the
precise site of the leak.*

Biochemical testing is indicated to confirm the
true nature of the nasal drainage. Cerebrospinal
fluid is high in glucose and low in protein. How-
ever, normal nasal discharge has been shown to be
falsely positive for glucose in 45% to 75% of cases.
Confirmation of the diagnosis, identification of the
site of a CSF leak, and determination of the aetiol-
ogy are all crucial to management. Collection of
fluid for beta-2 transferrin analysis remains the
gold standard for leak confirmation.

Beta 2 transferrin is cost-effective for confirming
fluid as CSF. However, there is an increased false-
positive rate in cases of cirrhosis or hereditary
protein anomalies. Recent studies have indicated

that beta-trace protein is more sensitive and specific
than beta-2 transferrin (93-100% sensitivity and
97-100% specificity, respectively). Fine-cut coro-
nal and axial CT scans and MRI may be helpful for
localisation. Lumbar drains are increasingly used in
combination with fluorescein for diagnostic pur-
poses. A lumbar drain was not used in any of the
patients in our cases series. Lumbar drains are used
depending on the surgeon’s preference and/or
tradition.” From some perspectives, a lumbar drain
could be useful in patients with a spontaneous CSF
leak that relieves elevated intracranial pressure,”
but none of our patients presented with elevated
intracranial pressure.'>*

Management

The management of CSF rhinorrhoea should be
tailored to the aetiology. Cases of CSF leak caused
by craniomaxillofacial trauma have traditionally
been treated conservatively with bed rest, head
elevation, and strict sinus precautions prior to
surgical repair because most CSF leaks arising
from closed head injuries resolve spontaneously."”

Multiple studies have demonstrated that the type
of tissue used for leak closure does not significantly
influence success rates. Recently, the use of pedi-
cled septal flaps based on the sphenopalatine artery
has been reported to improve success rates of the
closure of large defects.”*"
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Current consensus recommends the use of com-
posite osteomucosal or chondromucosal grafts for
repair of defects more than 3-4 cm.? Scrupulous de-
mucosisation of the CSF leak site is essential for
optimal take of the flap, ensuring contact between
the perichondrium of the flap and the cranial bone.
In cases of spontaneous CSF leak with elevated
ICP, a diuretic is often indicated. Schlosser et al.
reported a mean decrease in ICP of 9.9 cm water
approximately 3 to 4 hours after the administration
of intravenous acetazolamide."”

A postoperative CT scan without contrast within
the first 24 hours after surgery is important to rule
out evidence of intracranial bleeding, parenchymal
injury, or tension pneumocephalus. Neurosurgical
consultation may provide an important perspective
on intra-operative and postoperative management,
especially regarding the need for a CSF drain or a
shunt."”

Outcomes

Initial success rates of CSF leak repair ranging
from 85 to 90% and overall success rates of 97 to
99% have been well documented in the literature
and demonstrate the efficacy of endoscopic repair.?
Our initial success rate of 88% and overall success
rate of 98% fall within these accepted standards.
Meningitis is a potentially fatal complication of
CSF leaks. Conservative treatment of CSF leaks
with bed rest, lumbar drains and diuretics is associ-
ated with a high incidence of ascending bacterial
meningitis. We advocate the early closure of
surgical CSF leaks. Diagnostic testing of fluid is no
longer accepted as standard and beta-2-transferrin
analysis has been replaced by beta-trace protein
analysis in many centres.

Conclusion

Endoscopic endonosal treatment has recently be-
come the surgical approach of choice for anterior
cranial base CSF leak treatment: it has a high suc-
cess rate and is minimally invasive. The surgeon
must have a comprehensive understanding of the
anatomy, physiology, diagnosis and surgical ap-
proaches to ensure proper treatment." Multilayer
repair of the CSF leak is an effective and successful
procedure for surgical repair of a CSF fistula. Other
authors recommend early endoscopic leak closure
and the use of adjunctive measures to lower pres-

205

sure in patients with raised intracranial pressure. A
lumbar drain is not necessary for successful routine
closure of CSF rhinorrhoea of any magnitude. Clo-
sure of smaller dural defects may be safely per-
formed on an outpatient basis without complica-
tion. The endoscopic transnasal closure of CSF
leaks, both minor and major, is a well-established
concept with a high primary closure success rate
superior to that of craniotomy approaches.
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