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ABSTRACT
Objective: To assess the outcomes of endonasal endoscopic repair of spontaneous cerebrospinal fluid (CSF) rhinorrhea and to analyze
its possible etiological factors.
Patients: During the period between January 1999 and November 2011, 173 patients who presented with spontaneous CSF rhinorrhea
underwent endonasal endoscopic surgery. Preoperative examination included CT scans, nasal endoscopy, measurement of glucose
concentration in the nasal discharge and, in some cases, cisternographic evaluation via CT or MRI. CSF fistula closure was performed
using endonasal endoscopic technique under general anesthesia. In all, 186 surgeries (173 primary attempts and 13 revisions) were
carried out over the 12-year period. A combination of different plastic materials, i.e. nasal septum cartilage, facia lata, abdominal fat,
rotating middle turbinate flaps, and fibrin glue was used for fistula repair.
Results: At the time of the surgery, sites of the CSF fistula were determined as follows: Cribriform plate—70, fovea ethmoidalis—55,
sphenoid sinus—45, frontal sinus—3. Extremely pneumatized lateral extension of the sphenoid sinus was found in 26 patients, and a
meningo/encephalocele protruding through the bony defect was the source of the leak in 23 of them. In terms of up to 11 years, 165
patients were treated successfully after first attempt and five more recovered after revision endoscopic surgery. Success rate after the
first surgery was 95.4%, overall success rate—97.7%. There were no postoperative complications.
Conclusion: Possible etiological factors of this disease include obesity, innate skull base malformations, overpneumatized sphenoid
sinus, particularly presence of its lateral extensions and the empty sella syndrome. Endoscopic endonasal repair of spontaneous CSF
rhinorrhea appears to be a safe and successful procedure. However, technique of endoscopic closure of CSF fistulas in the lateral part
of the sphenoid sinus needs further perfection.
Keywords: Spontaneous cerebrospinal fluid leaks, Endoscopic skull base surgery, Sphenoid sinus.

INTRODUCTION
Persistent cerebrospinal fluid (CSF) leaks are usually
considered primary (spontaneous) or secondary. Secondary
CSF leaks are rather common and they accompany 80% of
severe head trauma. A specific form of the secondary
traumatic CSF leak is iatrogenic liquorrhea, which occurs
not infrequently during skull base and endonasal sinus
surgery. Secondary CSF rhinorrhea can be caused by skull
base and intracranial tumors: Angiofibromas, osteomas, etc.
destroying skull base bones. In contrast, primary
(spontaneous) CSF rhinorrhea has been usually recognized
as a rare condition presenting both diagnostic and therapeutic
challenges.
Development of endonasal endoscopic surgery has made
endonasal procedures less invasive and significantly
improved results of CSF rhinorrhea therapy. CSF rhinorrhea
is now one of its well-established extended indications.1,2
In most cases, endoscopic endonasal technique for CSF leak
repair has almost completely replaced more traumatic
transcranial and extracranial procedures which had been
widely used before. However, methods for the correct

location and techniques for surgical closure of spontaneous
CSF fistulas still need further perfectioning.
PATIENTS AND METHODS
During the period from January 1999 to November 2011,
173 patients with confirmed diagnosis of spontaneous CSF
rhinorrhea were admitted, all of them underwent endonasal
endoscopic surgery and they formed our study group. There
were 143 women and 30 men aged between 11 months and
72 years old. Of the 173 patients, 164 had both anterior and
postnasal CSF discharge, whereas nine patients who did
not have release of CSF from the nostrils experienced
permanent cumbersome leakage from the nasal cavity onto
the posterior pharyngeal wall which caused irritation and
cough.
Thirty one patients from this series experienced at least
one episode of meningitis, 11 patients reported recurrent
episodes. Pneumatocephalus was revealed in two cases.
Duration of the condition, i.e. the period between first
presentation of the CSF leak and admittance in the clinic
was less than 2 months in 22 cases, between 2 and 6 months
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—in 57 cases, between 6 and 12 months—in 21 cases.
Seventy-three patients experienced liquorrhea for more than
year. Surgical fistula closure had previously been attempted
in 15 cases. Of these, six patients operated on with
lumboperitoneal shunting and two had surgeries via
transcranial approach. The other seven patients underwent
attempts of endonasal fistula closure. None of the attempts
achieved steady positive result.
Preoperative examination included high-resolution CT
scans of the paranasal sinuses and skull base, nasal
endoscopy and evaluation of glucose concentration in the
nasal discharge. When initial CT scans did not identify a
bone defect in the skull base, patients underwent
cisternographic evaluation via CT and/or MRI. Preoperative
nasal endoscopy with the patient in the supine position
directly located a CSF fistula in 19 patients only. In the
other patients, the endoscopic examination revealed which
nasal cavity had wetter and shiner nasal mucosa and
permitted collection of transparent fluid in the nasopharynx
but did not allow for precise visualization of the source of
liquorrhea. Glucose concentration in the nasal discharge was
higher than 30 mg/dl (1.7 mmol/l) in all patients.

Figs 1A and B: Axial (A) and coronal (B) computer tomographic scans
from a patient with CSF rhinorrhea and a meningoencephalocele
originating from a lateral extension of the right sphenoid sinus
(so-called Sternberg’s canal)
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CT and CT/MRI cisternography were able to detect the
precise site of the fistula in 146 cases. In the 27 remaining
cases, a bone defect itself was not visualized; however, local
mucosal edema caused by irritation, collection of the CSF
in specific sinuses, or ethmoidal cells suggested the fistula’s
location. A common finding in this series was extremely
pneumatized sphenoid sinus which extended to the apex of
the temporal pyramid. In 26 cases, a bony defect and/or
meningo/encephalocele appearing to be a source of the CSF
leak were found in the lateral wall of the overpneumatized
sphenoid sinus (Figs 1A and B).
Surgical Technique
Fistula repair was performed using endonasal endoscopic
technique under general anesthesia. In all, 186 surgeries
(173 primary attempts and 13 revisions) were carried out
over the 12-year period. Lumbar puncture was usually
performed in the operative room before the beginning of
the surgery. Cerebrospinal pressure was measured and a
lumbar drain was placed with care taken to avoid evacuation
of significant amount of CSF. During the surgery, the drain
was kept closed till the final stage of the fistula repair. This
maintained release of the CSF into the nasal cavity and thus
facilitated the fistula’s location.
The surgical technique was always dependent on the
individual fistula size and position. The operation began
with careful endoscopic examination of the nasal cavity.
Once the patient was in supine position, examination often
revealed collection of fluid in the nasopharynx. In cases of
rapid CSF leaks, preoperative decongestion of the nasal
mucosa and tractions of the middle turbinate identified a
CSF pathway either from the natural ostium of the sphenoid
sinus, or from the natural ostium of the posterior ethmoid
or in the area of the cribriform plate. Thus, in cases where
CT data were not conclusive, intraoperative endoscopy
allowed for approximate location of the bone defect and
selection of tentative surgical technique.
In no case did, the operation begin with the middle
turbinate resection. Fracture and maximal lateral rotation
of the turbinate were enough for good visualization of a
bone defect in the medial portion of the cribriform plate.
For the fistulas located in the lateral part of the cribriform
plate and fovea ethmoidalis, we rotated the middle turbinate
medially and cut a wide opening of the ethmoid sinus using
the straight 3.5 mm aggressive blade of a microdebrider.
The steps for the sphenoid sinus fistula were lateralization
of the middle turbinate, identification of the sphenoidal
ostium, and its enlargement inferiorly and laterally by cutting
downward with the 90º Kerisson punch. The CSF fistula
could not be easily approached in the lateral wall of the
overpneumatized sphenoid sinus, but even in that case,
middle turbinate resection was not performed because this
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would not provide any benefit. If needed, the turbinate was
returned to its initial medial position for better visualization
and easier access to the lateral part of the sinus.
It is imperative for successful fistula repair to remove
mucosa from the edges of the bone defect. In case of
meningocele, the latter was removed first, and then bone
edges of the fistula were carefully skeletonized. Selection
of a plastic material for the fistula repair was also dependent
on size and position of the fistula. When the bony defect
was precisely visualized, a piece of nasal septum cartilage
or several layers of autogenous fat were placed intracranially
inside and the defect which was then closed with a piece of
autogenous fascia lata in on-lay fashion. Rotating middle
turbinate flaps were used for closure of bone defects in the
cribriform plate and fovea ethmoidalis. If direct visualization
of the fistula with a 0° endoscope was not possible, the walls
of the diseased sinus were deepithelized as much as possible
and the sinus was obliterated with the autogenous fat.
Obliteration of the cavity of the ethmoidal cells and medial
displacement of the middle turbinate were performed in a
way that did not obstruct the frontal sinus ostium. Septal
cartilage was used for closure of large bone defects in the
roof of the ethmoid, posterior walls of the sphenoid and the
frontal sinus. The plastic materials used are listed in the
Table 1. In the vast majority of patients, the fistula repair
was achieved with a combination of different plastic
materials. Amount of 0.5 or 1.0 cc of Tissucol fibrin glue
(162 cases) or BioGlue (24) was used for fixation of the
flaps and plastic materials. Two or three pieces of Merocel
packs were placed in the nasal cavity at the end of the
surgery.
Patients were allowed to stand on the day after surgery
but they were asked to avoid blowing their noses and
coughing. The lumbar drain was kept for 5 to 6 days and CSF
was evacuated by the drain at the rate of 5 ml per hour. Packs
were removed from the common nasal meatus on the 3rd day
and from the upper/middle meatus on the 5th or 6th day.

Table 2: Location of CSF fistulas and results of surgical repair
Location of CSF fistulas

Cribriform plate
Roof of anterior ethmoid
Roof of posterior ethmoid
Roof of ethmoid (without precise
intraoperative location)
Lateral recess of sphenoid sinus
Posterior or superior
wall of sphenoid sinus
Posterior wall of frontal sinus
Total

Total
number

Recurrence,
revision
surgery

70
27
23
5

2
1
None
None

26
19

5
None

3
173

8

fistula site was not possible because of the absence of active
liquorrhea at the time of surgery. In the other 45 cases, CSF
rhinorrhea originated from the sphenoid sinus; among these
fistula was revealed on the posterior or superior wall of the
sinus in 19 patients, in the overpneumatized lateral part of
the sinus–in the remaining 26. An extremely pneumatized
sphenoid sinus was a quite common finding. This type of
pneumatisation was present in 26 patients and, in 21 of them,
source of the leak was found in the lateral sinus wall. There
were only three cases of CSF leak from the posterior wall
of the frontal sinus. Meningo/encephaloceles protruding
through the bone defect was detected in 61 cases; in 25, it
was located in the lateral wall of the sphenoid sinus (always
in a deep lateral recess), and in 35, it situated on the upper
wall of the ethmoid. In the remaining case, encephalocele
originated from the posterior frontal sinus wall.
In 94 patients, size of the skull base bone defect was not
greater than 3 mm, in 53, it was between 4 and 7 mm; and
in another 26 patients, it was larger, between 8 and 14 mm.
One patient had two small fistulas in a very thin posterior
wall of large sphenoid sinus extending beneath the sella
turcica (Fig. 2). The absence of an active CSF leak at the
time of the surgery and/or the bone defect hidden site

RESULTS
The locations of CSF fistulas in this series of patients are
listed in the Table 2. In 70 cases, the bone defect was found
in the cribriform plate, and the fovea ethmoidalis was the
source of CSF rhinorrhea in 50 patients. Among the latter,
defect in the anterior part of the ethmoidal roof was found
in 27 cases and, in the posterior part, in 23 cases. In five
patients, source of the leak was also situated somewhere in
the ethmoidal roof but precise intraoperative location of the
Table 1: Plastic materials used for CSF fistulas repair
Autogenous fascia lata alone
Rotating middle turbinate/nasal septum mucosal flap
Septal cartilage + fascia lata
Fascia lata + abdominal fat

38
8
46
81

Fig. 2: Intraoperative view (0°scope). One of the two leaking fistulas in
the posterior sphenoid sinus wall is under the suction tip (S), and the
second is indicated with the arrow
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Fig. 3: MRI scan (coronal view) from a patient with a CSF fistula
connected with significantly enlarged lateral ventriculum

prevented direct visualization and estimation of the fistula
size in 32 patients.
Follow-up varied from 8 months to 11 years. Immediate
results were good in all patients, but later during follow-up
13 patients developed recurrent CSF rhinorrhea. The source
of recurrent leak was situated in a deep lateral recess of the
sphenoid sinus in nine patients. Those were the cases where
skull base defect was not adequately approached and
managed during primary surgical intervention through the
direct paraseptal approach. Endoscopic revision surgery was
attempted in the same fashion in 12 cases, one patient refused
further surgical treatment. Two revision surgeries failed
again and the leak recurred after few months. One of these
patients underwent third attempt of the fistula closure
through the transcranial approach. This was a unique case
where fistula had been connected with significantly dilated
lateral ventriculum (Fig. 3).
DISCUSSION
Head trauma is the most common cause for CSF leak and
majority of trauma-related CSF leaks resolve without
surgical intervention. Persistent CSF rhinorrhea is
potentially lethal. As it may lead to meningitis or brain
abscess, surgical treatment is often required. Since St Clair
Thompson’s first description of 20 cases of nontraumatic
rhinoliquorrhea in the late 1800s,3 patients with primary
(spontaneous) CSF leak have presented both a diagnostic
and therapeutic challenge. Spontaneous CSF rhinorrhea has
been always considered as an infrequent entity that
constitutes not more than 3 to 4% of all CSF leaks. Review
articles on spontaneous CSF leaks did not cited more than
10 cases.4 In 1960, CE Troland found only 33 cases of
surgically treated primary CSF leaks mentioned in the world
literature.5 Twenty-five years later, JL Hubbard et al6
presented a personal series of nine cases; in 1991 NS Tolley7
reported 10 more cases. With 161 cases, paper by B Schick

154

et al8 remained probably the largest series of surgically
treated CSF leaks; of these, 70 were caused by trauma,
36 by tumors and 47 were complications of paranasal sinus
surgery. Only 8 leaks in this series were spontaneous, caused
by occult malformations of the skull base. These
malformations are thought to be one of the main factors
predisposing to a spontaneous CSF leak.9 The second risk
factor for development of spontaneous rhinoliquorrhea is
obesity. Overweight increases intraabdominal and
intrathoracic pressure. It may affect blood circulation in
cranial venous collectors and lead to development of
permanent benign intracranial hypertension.10,11
The more recent reports have demonstrated both
increasing prevalence of spontaneous CSF rhinoliquorrhea,
and higher rate of spontaneous CSF leaks from fistulas of
another etiology. In 2005, C Dunn et al12 reported that in a
series of 29 consecutive patients with CSF, rhinorrhea was
spontaneous in 10. Our personal experience also indicates
that spontaneous CSF rhinorrhea is not a condition as
infrequent as was formerly believed. Of the 69 CSF leak
patients admitted during 3-year period, 25 were diagnosed
with spontaneous CSF rhinorrhea.13
It is essential to precisely locate the CSF fistula site
whenever surgical closure is considered. This is why
distribution of the sites of spontaneous CSF fistulas needs to
be discussed. It was a common opinion that the cribriform
plate and ethmoidal roof were the sites of the fistula location
in most patients and the sphenoid sinus was rarely implicated
in spontaneous CSF fistula. In contrast, our series as well as
some other reports14,15 show that aside from the other innate
skull base malformations, which occur in the area of the
cribriform plate, posterior and lateral walls of the sphenoid
sinus and particularly its lateral extensions are quite typical
sites from which spontaneous CSF leak may appear. Extreme
pneumatization of the sphenoid sinus may cause bone
resorption and prolapse of the dura through the persistent
lateral craniopharyngeal (Sternberg’s) canal—one of the least
resistant point at the skull base and the sphenoid bone. A
meningo/encephalocele may originate from this bony
dehiscence in the overpneumatized area and this pathogenic
mechanism should be considered important etiological factors
for spontaneous CSF leak development.16-20
In our group, extensive type of the sphenoid sinus
pneumatization was revealed in 26 patients, and a meningo/
encephalocele protruding through the bone defect in the
lateral part of the overpneumatized sinus was found in
23 cases. It seems that in this particular type of CSF fistula,
presence of obesity and intracranial hypertension is not
obligatory for development of CSF rhinorrhea. Of the 173
study group patients, 71 had increased body mass index,
and in 14 patients with overpneumatized sphenoid sinus
cerebrospinal pressure was normal.
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Some cases of spontaneous CSF rhinorrhea may be due
to an empty sella turcica. In this case, an intrasellar
arachnoidocele can compress the pituitary gland against the
posterior sphenoid sinus wall, erode the floor and lead to
CSF rhinorrhea through the eroded sinus wall. The last two
etiological factors may coexist. The combination of
extremely pneumatized sphenoid sinus and empty sella
syndrome theoretically increases the risk of developing CSF
rhinorrhea.21 This can be illustrated by the case in our series,
where two small fistulas were found in the thin eroded
posterior wall of the sphenoid sinus.
Most of the publications dealing with endonasal surgical
treatment of CSF rhinorrhea reported efficacy of the method
to be 85 to 100%,1,2,8,19,22 but most of these publications
dealt with all types of CSF leaks. Reports on endonasal
surgical treatment of spontaneous leaks are still rare.
However, spontaneous CSF rhinorrhea often presents the
most challenging cases. Fistulas located in the lateral part
of a large sphenoid sinus are extremely difficult to locate
and repair with either endoscopic endonasal or transcranial
approach. In our series, 165 patients were treated
successfully with the first attempt and five more recovered
after revision endoscopic surgery. Success rate after initial
surgery was 95.4% and overall success rate was 97.7%.
CONCLUSION
Spontaneous CSF rhinorrhea is a clinical entity difficult to
manage. Etiological factors of this disease may include
obesity, innate skull base malformations, overpneumatized
sphenoid sinus, particularly its lateral extensions and empty
sella syndrome. The possible role of these factors or their
combinations must be considered when planning adequate
therapy for spontaneous CSF leak. All the patients require
surgical intervention and the endonasal endoscopic approach
appears to be the best option. As there is no universal
technique, specific surgery and choice of plastic materials
depend on the fistula’s size and location. However, treatment
of CSF fistulas in the lateral part of the sphenoid sinus needs
further perfectioning.
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