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Introduction
Cerebrospinal fluid (CSF) rhinorrhea results from a break-
down in the integrity of structures separating the subarach-
noid space and nasal cavity, namely the subarachnoid space
and dura mater, the bony skull base and periostea alongside
the upper aerodigestive tract mucosa.1

CSF rhinorrhea can be classified etiologically as traumatic or
nontraumatic. Traumatic CSF rhinorrhea can be further cate-
gorized as iatrogenic, with endoscopic sinus surgery being the
most common cause.2 Nontraumatic CSF rhinorrhea is sub-
divided into congenital or idiopathic; this condition can also be

considered based on whether the underlying CSF pressure is
normal or elevated.3

The most common symptom of a CSF fistula is clear,
unilateral rhinorrhea, which is classically exacerbated by
stooping or performing a Valsalva maneuver and can be
associated with headaches, particularly on standing, due to
orthostatic CSF hypotension. The index of clinical suspicion
should be raised in a setting of trauma, paranasal or cranial
surgery, or in middle-aged obese females, who are at in-
creased risk of spontaneous CSF leaks.4 Less commonly,
patients may present with neurological deficits caused by
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Abstract Objective To describe our experience of cerebrospinal fluid (CSF) rhinorrhea
management.
Design Retrospective.
Setting Charing Cross Hospital, London, a tertiary referral center.
Participants Fifty-four patients with CSF rhinorrhea managed from 2003 to 2011.
Main outcome measures Surgical technique; Recurrence.
Results Etiologically, 36 were spontaneous and 18 traumatic. Eight patients with
spontaneous and two with traumatic leaks had previous failed repairs in other units.
Success rates after first and second surgery were 93% and 100%, respectively. Mean
follow-up was 21 months. Four patients, all of spontaneous etiology, had recurrences;
three of these underwent successful second repair with three layered technique, and
the fourth had complete cessation of the leak after gastric bypass surgery and
subsequent weight reduction. Adaptation of anatomic three-layered repair since
then averted any further failure in the following 7 years. Mean body mass index was
34.0 kg/m2 in spontaneous and 27.8 kg/m2 in traumatic cases (p < 0.05). Fifty percent
of spontaneous leaks were from the cribriform plate, 22% sphenoid, 14% ethmoid, and
14% frontal sinus. In the traumatic CSF leak group: 33.3% were from the cribriform plate,
33.3% sphenoid, 22.2% ethmoid, and 11.1% frontal.
Conclusion Endoscopic CSF fistula closure is a safe and effective operation. All sites of
leak can be accessed endoscopically. We recommend the use of an anatomic three-
layered closure in difficult cases.
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ascending intracranial infections.2 Rhinological examination
of these patients is important in excluding primary nasal
pathology causing rhinorrhea and though often normal, can
occasionally elucidate the site of leak or an encephalocele.

The aim of surgery is complete and durable separation of
the subarachnoid space from the nasal cavity, which, if left
untreated, has up to a 20% risk of ascending intracranial
infections.5 In addition, this restores normal CSF circulation,
maintaining brain buoyancy and preventing CSF hypoten-
sion.6 This study evaluates management and outcomes of CSF
rhinorrhea in a tertiary referral center over an 8-year period.

Methods

A cohort of 54 patients, attending for management of CSF
rhinorrhea from 2003 to 2011, was identified from the senior
author’s Charing Cross Hospital patient database. Case notes,
imaging studies, and biochemical tests were reviewed.

The London Research Ethics Committee confirmed that
ethical approval was not required for the study.

Statistical analysis was performed using GraphPad Prism
v5.0 (GraphPad Software, Inc., La Jolla, California, USA).

Preoperative Work-up
Nasal secretions were tested for β2 transferrin to confirm CSF
leak and 1-mm thickness high-resolution computed tomog-
raphy (CT) of paranasal sinuses, using BrainLab (Brainlab AG,
Feldkirchen, Germany) protocol was performed to allow
intraoperative navigation. Magnetic resonance imaging
(MRI) was performed when the site of the leak was not
seen on CT or where there was a suspicion of a meningocele
or encephalocele. All spontaneous leak patients underwent
neurological review for assessment and management of any
underlying primary pathology.

Operative Technique
An endoscopic approach was used in the management of
these patients. Intrathecal fluorescein was used in 67% of
patients leading to intraoperative identification of skull base
defects in 97% of cases. This included all revision cases
alongside those with a suggestion of multiple leak sites.
Skin prick testing with fluorescein was performed for all
patients prior to surgery to rule out an allergic reaction.7

Various degrees of endoscopic sinus dissection were per-
formed to create adequate exposure depending on the site of
the leak following nasal decongestion using Moffat’s solu-
tion.8 Lateral lamella or ethmoid sinus leaks were accessed
with an ethmoidectomy and olfactory groove with a partial
middle turbinectomy, whereas access to the sphenoid sinus
was typically achieved without disturbing the ethmoid sinus
and middle turbinate. In special circumstances such as ap-
proaches to the frontal recess, a modified Lothrop was
performed.9 Reduction of herniated mucosa or bipolar dia-
thermy of an encephalocele was performed if present. The
mucosal perimeter of the leak site was denuded by up to
5 mm if possible.

For small defects (less than 4 mm), a two-layered tech-
nique, commonly with fascia lata and mucosa, was utilized.

With regard to defects of at least 4 mm, prior to 2004, a two-
layered approach was used. From 2004, an anatomic three-
layered repair was employed. The term anatomic refers to
mimicking the original anatomy by replacing layer for layer.10

In ethmoidandolfactorydefects, fascia lataunderlay followedby
septal cartilage and free turbinate mucosawas applied.When it
was not possible to insert fascia underlay graft, as is often
encountered in the olfactory area, it was placed in an overlay
fashion. Fascia lata, free turbinate mucosa, and fat were grafted
in sphenoid defects to reduce risk of mucocele formation. In
somecases of recurrent spontaneous leaks, fascia lata, bonepate,
and turbinate mucosa followed by fat for further reinforcement
was used. Duragen (Integra LifeSciences, Plainsboro, New Jersey,
USA) usagewas reserved for when fascia latawas unavailable. In
frontal leaks, fat graft was not utilized due to the risk of
obstructing the frontal recess with subsequent frontal sinusitis
or mucoceles; otherwise a similar technique to ethmoid and
olfactory defects was utilized with the caveat that most of these
leaks were very small, necessitating two-layered closure with
fascia lata and turbinate mucosa. Fibrin sealant Tisseel (Baxter
HealthcareCorporation, Deerfield, Illinois, USA)was also applied
in all cases in between thefirst and second layers and superficial
to the third layer to provide an impermeable seal.11

Avariety of graft materials were used ranging frommiddle
turbinate mucosa, septal cartilage, Duragen, fat, and bone
pate.10 Grafts were chosen based on etiology and the site of
the leak.

Postoperative Care
Measures were taken to prevent intracranial pressure eleva-
tion, including strict bed rest with elevation of the head to 30
degrees for 48 to 72 hours, prevention and treatment of
constipation, avoidance of straining and nose blowing, and
the use of lumbar drains in selected patients.

Lumbar drains were utilized in all revision cases, defects
larger than 15 mm, those with raised intracranial pressure,
and spontaneous etiology cases unless the fistula was very
small (<3 mm).

In earlier cases, Whitehead’s varnish–impregnated gauze
nasal packing was inserted and removed in 1 week under
a general anesthetic. Since 2009, Nasopore (Polyganics,
Groningen, The Netherlands), a biodegradable nasal pack,
was used, obviating the need for a second anesthetic for pack
removal. Antibiotic (co-amoxiclav) prophylaxis was pre-
scribed for 1 week.

Results

Demographics
Fifty-four patients were identified, of which 18 were male
and 36 female. Mean age was 47.7 years. There was a
statistically significant difference (p < 0.05) between the
mean age of patients with a spontaneous leak (50.4 years)
and those with a traumatic etiology (42.8 years).

There was a significant difference between the gender
ratios in the spontaneous group, with 75% being female and
25%male as comparedwith the traumatic group, where there
was an equal proportion (50%) of each gender (p < 0.001).
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Presentation
The mean duration of CSF rhinorrhea in all patients was 11.8
months with a range of 1 to 36months (median 8months). In
the spontaneous leak group, the mean duration (14.5
months) was significantly longer than in the traumatic cases
(6.4 months) (p < 0.05).

In the spontaneous group, 8 patients (22%) had episodes of
meningitis preoperatively, with 2 having 3 incidents, 3 af-
fected twice, and 3 affected once. In the 18 traumatic cases,
4 patients (22%) had meningitis, with 1 enduring 3 bouts and
3 others having a single attack.

Etiology
There were 18 cases of traumatic CSF fistula, including 11
iatrogenic cases, referred to our unit. Spontaneous or non-
traumatic leaks occurred in 36 patients (►Fig. 1). Ten cases
had previous failed attempts at repair in other units, twowith
traumatic and eight with spontaneous etiologies.

Size and Site of Leak
The estimated size of the defect ranged from less than 1 mm
to 30 mm. Mean size was 10.6 mm (95% confidence interval
[CI]: 5.6 to 15.6) and 16.4 mm (95% CI: 8.8 to 23.9) in
spontaneous and traumatic leaks, respectively.

The anatomical defects were in the cribriform plate in
44.4%, sphenoid bone 25.9%, ethmoid bone 16.7%, and frontal
recess 13.0% (►Fig. 2). Fifty percent of spontaneous leaks (18)
were from the cribriform plate, 22% sphenoid, 14% ethmoid,
and 14% frontal sinus. In the traumatic CSF leak group, 33.3%
were from the cribriform plate, 33.3% sphenoid, 22.2% eth-
moid, 11.1% frontal. There was no statistically significant
difference in the site of the leak between spontaneous and
traumatic leak etiologies nor between iatrogenic and trau-
matic leak groups (p values > 0.10) (►Fig. 3).

Body Mass Index (BMI)
Mean BMI in all patients was 31.9 kg/m2. In those with
spontaneous CSF rhinorrhea, mean BMI (34.0 kg/m2) was
significantly higher than patients with traumatic etiologies
(27.8 kg/m2) (p < 0.05) (►Fig. 4).

Perioperative Care
Nasal secretion samples sent for β2 transferrin yielded posi-
tive results in 87.5%. All patients had confirmed CSF rhinor-
rhea either in our unit or from the referring center.

A lumbar drain was used in 30 patients (54%), 22 sponta-
neous leak patients (61.1%) and 8 traumatic ones (44%)
(p < 0.05).

Success Rate, Revision Cases, and Duration of
Follow-up
Overall success rate was 93% (50/54), inclusive of 10 cases
where the initial failed surgeries were performed elsewhere.
After a second operation, success rate was 100% (53/53), with
one failure case refusing further surgical repair.

Eight patients in the spontaneous group had previous
failed attempts in other units. Seven of these had successful
repair in our series at first surgery and one, with a BMI of
43.6 kg/m2 and two previous failed attempts, recurred after

Fig. 1 Etiology of cerebrospinal rhinorrhoea.

Fig. 2 Anatomical site of cerebrospinal fluid leak for all cases.

Fig. 3 Comparison of anatomical site of leak by etiology.

Fig. 4 Comparison of body mass index by etiology.
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our repair. She declined further revision surgery and was
referred to the bariatric team, who performed gastric bypass
surgery with subsequent complete cessation of CSF rhinor-
rhea to date (18months). The three other failures in our series
were from the spontaneous group with skull base defects
of � 4 mm who underwent successful second repairs. These
failures were all prior to 2004 when a two-layered repair was
used. One patient in the spontaneous group had a successful
repair of a leak in the frontoethmoidal recess and presented
2 years later with a novel leak from the posterolateral wall of
the same fontal sinus, which was successfully closed.

Two out of 18 traumatic cases had previous failed proce-
dures in other units; both patients suffered extensive injuries
following a high-impact road traffic accident. Thefirst patient
had two craniotomies to repair the leak by neurosurgeons
and the second patient had endoscopic procedures by other
otolaryngologists prior to referrals to our department.

Mean follow-up was 21 months with 95% CI (16.1 to 26.6
months) and median of 17 months. There was no statistically
significant difference in follow-up duration between the
spontaneous and the traumatic patient groups (p ¼ 0.38).

Discussion

This study describes the endoscopic surgical management of
patients presenting with CSF rhinorrhea over an 8-year
period and represents the largest series over such a time
period. The overall success rate of 93% at first surgery and
100% at second surgery compares well with the litera-
ture.12–15All operationswere performed by the senior author
(HAS).

We report a much higher proportion of spontaneous (67%)
as opposed to traumatic (33%) leaks in contrast to the litera-
ture.7,12–17 This may be explained by our unit being a tertiary
referral center and having close links with a neurosurgical
unit, possibly resulting in a skewed patient population.
Additionally, several traumatic leaks were successfully man-
aged with conservative measures under the care of the
neurosurgeons and did not enter our database.13,16,18

The mean age of patients with traumatic leaks was less
than those with spontaneous rhinorrhea, as road traffic
accidents and assaults tend to involve the younger demo-
graphic. This is comparable to the literature.7,13,14 The dura-
tion prior to presentation for the traumatic leaks tended to be
shorter than the spontaneous ones, probably due to higher
clinical suspicion with the clear history of trauma. Interest-
ingly, the risk of meningitis was similar in both groups of
patients and in keeping with current understanding.5

Our series confirms that spontaneous leak patients are
more commonly middle-aged females.4,19,20 These patients
also had significantly higher BMIs, associating it with benign
or idiopathic intracranial hypertension (IIH).19,20 All sponta-
neous rhinorrhea patients therefore underwent neurological
review preoperatively to potentially diagnose and treat IIH. A
combination of clinical symptoms, signs, andmeasurement of
opening pressure on lumbar puncture were used.21

The anatomical site of the defect corresponded well with a
recent large case series for spontaneous leaks, with the

commonest site being the cribriform plate, presumably due
to the anatomy of the plate allowing for transmission of
olfactory nerve fibers and hence, more easily, permitting a
CSF leak.19 Experimental data indicate that the cribriform
plate constitutes a substantial pathway of CSF drainage into
the lymphatic outflow system.6 A recent systematic review
indicates, however, that lateral recess of sphenoid and eth-
moid roof defects are more frequent.15

Idiopathic intracranial hypertension is not well under-
stood, and management of these patients lacks a clear evi-
dence base.22 Whatever the cause, the higher pulsatile
pressures lead to erosion of the skull base with a predilection
for the thinnest areas, namely the cribriform plate and lateral
sphenoid recess.19,23

The overall pattern demonstrated for sites of traumatic
leaks correlated with a recent series.13 However, some pub-
lications cite sphenoid and ethmoid defects as more com-
mon.12,15,24 We had two cases of iatrogenic CSF leaks
secondary to endoscopic sinus surgery referred to our unit,
whereas most cases were secondary to extensive base of skull
or neurosurgery in contrast to the literature.2 As a result, a
larger proportion of sphenoid defects were noted in iatro-
genic injuries, principally after trans-sphenoidal pituitary
surgery.

Preoperativework-up in this seriesfits wellwith described
management algorithms.25Nasal secretions sent for β2 trans-
ferrin yielded positive results in over 87%. Lund also highlight-
ed that adequate samples were attained in a small proportion
of patients but, when received, produced positive results in
most cases, reflecting its high sensitivity and specificity.7,25

In our experience, CT scans with 1-mm slices employing
BrainLab protocol was sufficient, as published management
algorithms have indicated.7,25 MRI has a complementary role
particularly if there is clinical suspicion of meningoencepha-
locele (which are more common in the IIH and spontaneous
leak demographic) or tumor.25 Although CT cisternography is
advocated by some departments, we feel that its use does not
add further information.7,16

Our intraoperative use of intrathecal fluorescein was
higher than some centres.7,27 It was used in spontaneous
leak cases, in those with potential multiple site leaks such as
extensive skull base fractures, and in one case where the CT
imaging did not clarify an anatomical defect.27 The greater
use of intrathecal fluorescein can be attributed to our higher
proportion of spontaneous cases, which are often less identi-
fiable on radiological imaging. This series also highlights the
efficacy and safety profile of fluorescein, with no adverse
reactions noted.28 There were no adverse reactions to intra-
thecal fluorescein in our series. The routine skin prick testing
with fluorescein prior to surgery had ruled out severe allergic
reactions. We also used a low concentration of intrathecal
fluorescein, and such low concentrations have been shown to
have good safety and efficacy.15

We incorporated the use of a variety of grafts, and success
rates of differing grafts have been shown to be similar.29 In
large skull base defects, the use of vascularized tissue grafts
has been correlated with lower failure rates.30 Grafts were
chosen depending on etiology alongside the size and site of
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the leak. Of note, our failed cases all had skull base defects
of � 4 mm and all occurred prior to 2004 while using a two-
layer repair. The successful three-layer repair of these defects
was the reason behind adaptation of this technique. This
mimicked normal anatomy by replacing dura by fascia lata,
bone by cartilage or bone pate, and mucosa by mucosa. There
has been no further failure over the proceeding 7-year period.
We therefore recommend employing this technique for de-
fects of � 4 mm.

Postoperatively, there is no clear consensus on the use of
lumbar drains, although high success rates have been shown
without their use.15,31 In our series, the use of lumbar drains
was decided in consultation with the neurosurgeons. We
used lumbar drains for all revision cases, spontaneous etiolo-
gy cases unless the defect was very small (1 to 2 mm), large
defects (> 15 mm), and those with raised intracranial pres-
sure.32 This is reflected in significantly more spontaneous
leak patients having lumbar drains compared with traumatic
etiology cases. CSF pressure was only measured where indi-
cated by neurologists. A recent study in fact suggests that
single preoperative CSF pressure measurements in patients
with active leaks are not sufficiently reliable to lead clinical
decisions.33However, it was noted intraoperatively that some
spontaneous leaks were under high pressure, and 10 to 20mL
of CSFwas removed to facilitate awatertight repair, alongside
the use of a lumbar drain.

Similarly, there is no accepted protocol for use of antibiotic
prophylaxis, and it seems that the risk of meningitis is not
reduced.15,34,35However, some recommend at least 48 hours
of antibiotics, whereas others treat those with a record of
meningitis or who are undergoing repeat closure at-
tempts.16,36,37 A systematic review of the endoscopic repair
of CSF leaks showed that almost half of the total 53 studies
used antibiotics routinely.15 In our practice,we used a 1-week
course of co-amoxiclav to decrease the risk of possible local
infection due to nasal packing.38

One of our four operative failures was a 41-year-old female
with a BMI of 43.6 kg/m2 and two previous failed repairs prior
to our first surgery. Comorbidities included raised intracranial
pressure, hypertension, and type two diabetes. The defect of
10 mm diameter was in the frontoethmoidal recess.
She declined further surgery and, having failed to respond
to conservative medical management with weight loss and
acetazolamide, was referred to have laparoscopic gastric
bypass surgery with a subsequent complete resolution of
her CSF leak to date.4,19,20 There is evidence that bariatric
surgery improves benign intracranial hypertension symptom-
atology, reduces intracranial pressure, and abates CSF
rhinorrhoea.39,40

The revision cases share similarities, namely spontaneous
leaks are more difficult to manage and have lower success
rates, with these patients typically being obese, middle-aged
women with defects in pneumatized sphenoid lateral re-
cesses.4,19,20,23 Our other three failures belonged to this
group and had successful revisions, with two being sphenoid
and the other a posterior ethmoid roof defect.

A 40-year-old female with confirmed IIH and a BMI of
38.9 kg/m2 was referred to our center after two failed

surgeries for a sphenoidal defect of 12 to 15mm. She under-
went a successful CSF leak repair using our standard three-
layered technique in conjunction with ventriculoperitoneal
shunting, which has been demonstrated to be an effective
and increasingly common treatment for IIH.19,20,41 In our
unit, the use of ventriculoperitoneal shunts was reached in
consultation with neurosurgery with criteria including IIH,
high BMI (above 35 kg/m2), failed surgery, and failed trials of
acetazolamide.

The positive impact of gastric banding and possibly ven-
triculoperitoneal shunting highlight the importance of a mul-
tidisciplinary approach in themanagement of the spontaneous
CSF rhinorrhea. The senior author manages these patients in
consultation with neurological colleagues, given the primary
disorder is one of CSF circulation, manifesting as a dehiscence
of the skull base and, if untreated,maycontinue topresentwith
further leaks. Treatment of underlying raised intracranial
pressure is required but may be coupled with surgery to
good effect.4,20 Further research is required to elucidate if,
when, and which adjuvant treatments to employ.22 These
include conservative (diet and weight loss), medical (loop
diuretics and carbonic anhydrase inhibitors), radiological (in-
tracranial venous shunting), and surgical (ventriculoperitoneal
shunting or bariatric surgery) options.4,19,20,39–44

Complications included three postoperative episodes of
transient pyrexia 24 hours postoperatively with negative
blood cultures and no meningitis. In follow-up, two patients
complained of hyposmia, two patients developed persistent
atypical facial pain managed by neurologists, and two pa-
tients presented with intranasal synechiae, one of whom
required surgical division.

Conclusion

Endoscopic CSF fistula closure is a safe and effective operation
that has become the standard of care for managing CSF
rhinorrhea. All sites of leak can be accessed endoscopically,
including the frontal recess with amodified Lothrop approach.
In our experience, improved success followed modifying tech-
niques and adopting a multidisciplinary management
approach.

We recommend the use of an anatomic three-layered
closure for defects � 4 mm, particularly in revision cases
and in patients with spontaneous etiology.

Patients with spontaneous CSF rhinorrhea should be man-
aged in conjunction with the neurology and neurosurgery
teams to manage the underlying pathology and may also
require ventriculoperitoneal shunting or gastric bypass
surgery.
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