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Abstract
Introduction
Cerebrospinal fluid (CSF) rhinorrhea is the result of a bony defect at the skull base with disruption of the
arachnoid, dura mater, and sinonasal mucosa that leads to an active CSF leak and flow of clear fluid from the
nose. The endoscopic repair of CSF leaks and skull defects have been used by an increasing number of
surgeons and is the standard of care for repairing CSF leaks.

Materials and methods
We conducted a retrospective study of all cases of CSF leaks managed via the endonasal endoscopic approach
from 2010 to 2020 at a tertiary referral hospital of King Fahad Specialist Hospital, Dammam (KFSH-D).

Results
Over 10 years, 61 procedures were performed on a total of 56 patients (average age, 39.9 years) with 26
spontaneous CSF leaks and 30 traumatic CSF leaks. The leak sites were frontal bone in 14% of the cases, the
roof of the ethmoid in 25%, the cribriform plate of ethmoid in 39%, and the walls of sphenoid sinus in 21%;
multiple site defects were found in eight patients. The defect was localized by high-resolution computed
tomography (CT) of the paranasal sinuses and skull base and magnetic resonance imaging (MRI) in all
patients. CT cisternography, intrathecal fluorescein injection, and topical application of fluorescein dye
were used in patients as required. A combination of free grafts and flaps materials were used in most
patients. A middle and inferior turbinate graft was used in 12 patients, a septal cartilage graft in 18 patients,
and a pedicled nasoseptal flap in 12 patients. The success rate was 92% after the first closure attempt. A
recurrence of CSF leaks was observed in four patients. The mean hospitalization time was 6.5 days. The
postoperative follow-up period ranged from one year to 10 years with a mean postoperative follow-up time
of three years.

Conclusions
The endonasal endoscopic approach is the current standard of care for repairing most CSF leaks and skull
base defects. We have had an excellent experience with endonasal endoscopic CSF leak repair, with high
success rates and low morbidity. Our results support the effectiveness and safety of this technique and
should encourage otolaryngologists to apply the procedure in cases of CSF leak.
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Keywords: endoscopic, skull base defect, cerebrospinal fluid leak, spontaneous csf leak, traumatic csf leak,
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Introduction
Cerebrospinal fluid (CSF) rhinorrhea is the result of a bony defect at the skull base with a disruption of the
arachnoid, dura mater, and sinonasal mucosa that leads to an active CSF leak and flow of clear fluid from the
nose. Surgical treatment of CSF leak has been historically performed through a craniotomy [1]. Dandy
described the first case of intracranial repair of CSF rhinorrhea by way of a bifrontal craniotomy [2].

With the rapid development of endoscopic instrumentation, the surgical outcome has markedly improved
because of better visualization of the entire sinonasal region and anatomy. The endoscopic repair of CSF
leaks and skull defects has been used by an increasing number of surgeons [3-6], making it the standard of
care for repairing CSF leaks.

CSF rhinorrhea occurs due to trauma in 80% to 90% of cases [7]. The most common cause is accidental
trauma, followed by iatrogenic trauma, nontraumatic cases related to tumors [8-9], spontaneous cases (3%
to 4%) [10], and congenital CSF leaks have also been reported. The most frequent clinical manifestation of
CSF rhinorrhea is watery nasal discharge (82.7% of cases) followed by a nasal obstruction (40.7%); seizures
and meningitis can also occur as the first symptoms [11]. The presence of a headache should raise the
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suspicion of elevated intracranial pressure (ICP) and intracranial pathology [12]. A history of a sinonasal or
neurosurgical procedure, head trauma, meningitis, and intracranial or skull base tumors should raise the
suspicion of CSF leak.

The aim of our research was to study and review 10 years of experience with endonasal endoscopic surgical
repair of symptomatic CSF leak patients. We conducted this at a tertiary referral hospital of King Fahad
Specialist Hospital, Dammam (KFSH-D), covering a population of four million in the eastern province of
Saudi Arabia.

Materials And Methods
The study group consisted of patients with clinical and laboratory-confirmed CSF rhinorrhea and underwent
endoscopic endonasal repair in KFSH-D between 2010 and 2020. We reviewed the files for background data,
surgical technique, outcome, and postoperative course [13].

All patients included in the study underwent a careful history review, a full head and neck examination with
office-based full endoscopic examination using different rigid and flexible endoscopes followed by
diagnostic and localization investigations. After the endoscopic surgical intervention and successful
recovery, all patients received the same postoperative management. They were prescribed bed rest for five to
seven days with the head elevated 30 to 45 degrees and instructed to avoid blowing their nose, sneezing,
coughing, and straining.

Stool softeners, antihistamines, and antiemetics were administered as needed for two weeks to reduce
intraabdominal pressure. Antibiotics were used to prevent intracranial infection, and lumbar drain (LD) for
five to seven days reduced ICP and allowed for better apposition of the graft for patients with confirmed ICP
leaks [13].

The non-absorbable nasal packing was removed within three to five days. The mean duration of follow-up
was two years.

Results
Between March 2010 and January 2020, 61 endonasal endoscopic repairs of CSF leaks were performed in 56
patients (26 men and 30 women). The age of the patients ranged from four to 70 years (mean age, 39.9 years;
median age, 41 years). The cause of the CSF leak was traumatic in 30 patients and spontaneous in 26 cases.
Among the 30 female patients, 21 (70%) had spontaneous CSF leaks. Rhinorrhea and/or headache were the
presenting symptoms in 46 (82%) cases. Ten (17%) patients suffered meningitis as a presenting symptom and
complication of the disease.

The leakage site was found in the frontal bone in eight (14%) cases, in the roof of the ethmoid in 14 patients
(25%), in the cribriform plate of the ethmoid in 22 patients (39%), and in the walls of the sphenoid sinus in
12 patients (21%). Eight patients had multiple site defects (Table 1).

Etiology N/Total %

Spontaneous 26/56 46%

Traumatic 30/56 53%

Site   

Cribriform plate of the ethmoid 22/56 39%

Ethmoid roof 14/56 25%

Sphenoid sinus 12/56 21%

Frontal sinus 8/56 14%

TABLE 1: Characteristics and site of cerebrospinal fluid fistulae.

A skull base defect was identified preoperatively by a high-resolution computed tomography (CT) scan of
the paranasal sinuses and a skull base high-resolution CT and magnetic resonance imaging (MRI) in all
patients. In nine patients, CT cisternography was used for accurate identification of the leakage site.
Intrathecal fluorescein injection was used in five patients. In 12 patients, the leak site was identified by the
topical application of fluorescein dye intraoperatively with no adverse effects.
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An inferior turbinate graft was used as the graft material in six patients, middle turbinate graft in six
patients, septal cartilage graft in 18 patients, pedicled nasoseptal flap in 12 patients, and a combination of
free grafts and flaps materials were used in 30 patients. 

An underlay/inlay graft was used as the grafting technique in 16 patients, overlay/onlay grafts in 14 patients,
and a multilayered graft and flap in 31 patients. The majority of patients had a successful endoscopic repair
of the CSF leak. The CSF leak repair was successful at the first attempt in 52 patients (92%). A recurrence of
CSF leaks was observed in four patients: three patients were managed at a second procedure and one patient
had three endoscopic procedures due to the persistence of his increased intracranial pressure (pseudotumor
cerebri) which required a permanent ventriculoperitoneal shunt.

The postoperative follow-up period ranged from one to ten years with a mean postoperative follow-up time
of three years. The mean and median hospitalization times were 6.5 and four days, respectively.

Discussion
The present study describes the 10-year experience of a tertiary referral center with endonasal endoscopic
surgical closure of CSF leaks. The literature contains several algorithms for preoperative diagnosis and
fistula localization.

The diagnosis of CSF rhinorrhea is both clinical and radiological. The presence of CSF in clear nasal drainage
should be established by analysis for CSF markers. The most commonly used is beta-2 transferrin, for which
a rapid, cost-effective test is widely available. It has been established as a sensitive and specific assay with a
sensitivity of 97% and a specificity of 93% [14,15].

Another marker, the beta trace protein, can also be used for detecting a CSF leak with a slightly improved
sensitivity (100%) and specificity (100%) as compared to beta-2-transferrin [15,16]. It is present in other
fluids throughout the body, such as from the heart and in serum, but with a significantly lower concentration
than that found in CSF [17]. 

The localization of the leak site involves radiological investigation. As an initial procedure, numerous
authors [14,18,19] have recommended a 1-mm thickness axial and coronal CT scan with a bone algorithm. A
high-resolution CT scan is the imaging study of choice. It detects large bony defects, pneumocephalus, soft
tissue masses, and hydrocephalus. One of the drawbacks of high-resolution CT is that it cannot firmly
establish the location of a CSF leak because defects may not be actively leaking, and defects may be present
without a leak (Figure 1).
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FIGURE 1: Coronal CT sinuses showing a right cribriform plate of
ethmoid defect with soft tissue mass through defect.
CT: computed tomography.

CT cisternograms may provide more important information about the site of a CSF leak. However, the
sensitivity of this test is quite low (48%to 96%) [20]. It is invasive and requires the injection of intrathecal
contrast dye (iophendylate) prior to obtaining the CT scan (Figure 2). The contrast will be detected in the
nasal cavity or a specific sinus at the completion of the study. However, the patient must be actively leaking
CSF at the time of the study for it to be detected.
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FIGURE 2: CT cisternography showing a frontal cerebrospinal fluid leak.
CT: computed tomography.

Additional localization techniques and the gold standard for evaluation of a CSF leak is an MRI using T2-
weighted images; magnetic resonance cisternography can also help with localization (Figure 3). The
sensitivity of this method is reported to be 85% to 92% with 100% specificity [21]. An MRI is effective in
assessing small meningoencephaloceles and determining their composition.
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FIGURE 3: Coronal MRI sinuses confirming the presence of an ethmoid
meningocele protruding through the cribriform plate defect.
MRI: magnetic resonance imaging.

Radionuclide cisternography entails the intrathecal injection of radioactive tracers (Technetium-99m).
Pledgets are placed at areas suspected of a leak, and scintigrams of the skull are obtained. The pledgets are
removed after 12 to 24 hours and measured for the radioactive tracer. The sensitivity is comparatively low
(62% to 76%), with a 33% false-positive rate [20-23].

During the intrathecal injection of fluorescein dye, CSF is withdrawn (10 ml) through an LD. This is used for
mixing 0.1 ml of 10% Fluorescein dye with 10 ml of the patient’s CSF. This material is then injected
intrathecally over 10 minutes and then flushed with 5 ml of the patient’s CSF. An examination using a nasal
endoscope will occur 30 to 60 minutes later (Figures 4, 5). The dye can be seen without filters in most cases,
but smaller defects may require a blue light filter (Figure 6).
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FIGURE 4: Right lateral sphenoid leak before intrathecal fluorescein dye
injection.

FIGURE 5: Painting of the sphenoid defect after intrathecal fluorescein
dye injection.
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FIGURE 6: Blue light filter image with active fluorescein dye in the right
cribriform plate of ethmoid cerebrospinal fluid leak.

Fluorescein is not approved by the United States Food and Drug Administration because of reported
complications such as seizures, opisthotonos, and lower extremity weakness [24,25], encephalitis, and
neurotoxicity with higher concentrations or rapid injections. Some authors advise using a topical
application of 5% fluorescein intranasally using cotton pledgets or directly with a syringe. The change from
yellow to green fluorescence indicates the presence of CSF [26] (Figures 7, 8).

FIGURE 7: View of right ethmoid roof cerebrospinal fluid leak before the
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application of topical fluorescein dye.

FIGURE 8: View of right ethmoid roof cerebrospinal fluid leak after the
application of topical fluorescein dye.

We used high-resolution CT in every case, followed by MRI for better differentiation of tissue content and
nature. CT cisternography was done as necessary with these methods. We successfully localized 36 leaks;
intrathecal fluorescein injection was used in three patients; in 10 patients, the leak site was identified and
confirmed by topical application of fluorescein dye with no adverse effects. A meticulous search identified
the remaining leaks at the surgery with the help of an angled endoscope and navigation.

Conservative management of dural defects has had a success rate of only 50% [3]. It is advised for a period of
four to 10 days by some authors, or for a period of two to six weeks by others. It entails bed rest and
avoidance of physical exertion, prophylactic antibiotic therapy, and an LD or placement. However, it does
not exclude the risk of ascending meningitis [27]. The operative management of a CSF leak is advised in the
following circumstances: persistent, posttraumatic CSF leaks after four to six weeks of conservative
treatment, delayed posttraumatic leaks, cases of CSF leak with a history of meningitis, all cases of
spontaneous CSF fistulae, and cases with intermittent leaks [28].

Patients should be carefully selected for the endonasal endoscopic repair [13]. Contraindications to
endonasal endoscopic repair include the presence of intracranial lesions, fractures of the posterior wall of
the frontal sinus, lateral extensions of frontal sinus fractures, and comminuted fractures of the cranium
base. Patients that have a higher tendency for surgical needs are those that are preoperatively difficult in
localizing the defect or the nature of the leak site, have elevated ICP, and a large CSF leak site [13,28,29].

Numerous types of graft material have been suggested in the literature [7,14,21]. In our series, smaller
defects (<0.5 cm) are managed by free onlay grafts from inferior turbinates, middle turbinate, or nasal
septum. Larger defects are managed by multilayered underlay and onlay free grafts with or without
pedicelled nasoseptal flaps. The versatile pedicled nasoseptal flap managed difficult-to-access and laterally
placed defects like lateral pneumatized sphenoid recess leaks.

For patients suspected of elevated ICP, continuous drainage for 24 to 120 hours postoperatively is
recommended by many authors in order to lower ICP and allowing for better apposition of the graft to the
recipient site and attenuating sudden ICP changes [4,6,13].

Many other authors were against the routine use of an LD in all cases of skull base reconstruction [13].
Hegazy et al. [6] claimed that continuous drainage may not be necessary in every case; only 50% of their
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patients received continuous drainage with no decrease in postoperative success. Casiano et al. [30] reported
similar results.

In our study, an LD was applied to all patients with suspected elevated intracranial pressure. In addition to
the previously mentioned benefits, LD prevents side effects such as headaches, nausea, and emesis. The LD
is then clamped, and the patient is carefully observed for any signs of CSF leakage in the bed rest position.
Patients may slowly be elevated to a sitting position and then to a standing position as long as there is no
sign of a CSF leak.

No complications were noted in any of our patients. An antibiotic was prescribed until the LD was
discontinued, and packing was removed 10 to 14 days postoperatively. Some authors suggest that
prophylactic antibiotics should be administered to patients with a history of meningitis and to patients who
undergo recurrent closure attempts.

Patients were instructed on movement techniques to avoid breath-holding and Valsalva maneuvers. A stool
softener was prescribed for every patient, and light activity was continued for six weeks after surgery. The
success rates of 92% after the first attempt, rising to 97% after the second attempt, are in line with reports in
the literature [4-6].

Our study was limited by its small population of 60 patients, and four were lost to follow-up and therefore
excluded from the study.

Conclusions
The endoscopic approach to the anterior skull is now considered to be the current standard of care for
repairing most CSF fistulae and skull base defects. We have had an excellent experience with endonasal
endoscopic CSF leak repair, with high success rates and low morbidity. Our results support the effectiveness
and safety of this technique and should encourage otolaryngologists to apply the procedure in most cases of
CSF leak.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The Institutional Ethics
Committee and the Institutional Review Board IRB at King Fahad Specialist Hospital Dammam. issued
approval SUR0332. This research study was approved by the Institutional Ethics Committee and the
Institutional Review Board IRB at King Fahad Specialist Hospital Dammam. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Probst C: Neurosurgical treatment of traumatic frontobasal CSF fistulae in 300 patients (1967-1989) . Acta

Neurochir. 1990, 106:37-47. 10.1007/BF01809331
2. Dandy WE: Pneumocephalus (intracranial penumatocele or aerocele) . Arch Surg. 1926, 12:949-982.

10.1001/archsurg.1926.01130050003001
3. Stankiewicz JA: Cerebrospinal fluid fistula and endoscopic sinus surgery . Laryngoscope. 1991, 101:250-256.

10.1288/00005537-199103000-00006
4. Zweig JL, Carrau RL, Celin SE, et al.: Endoscopic repair of cerebrospinal fluid leaks to the sinonasal tract:

predictors of success. Otolaryngol Neck Surg. 2000, 123:195-201. 10.1067/mhn.2000.107452
5. Wormald PJ, McDonogh M: ‘Bath-plug’ technique for the endoscopic management of cerebrospinal fluid

leaks. J Laryngol Otol. 1997, 111:1042-1046. 10.1017/S0022215100139295
6. Hegazy HM, Carrau RL, Snyderman CH, Kassam A, Zweig J: Transnasal endoscopic repair of cerebrospinal

fluid rhinorrhea: a meta-analysis. Laryngoscope. 2000, 110:1166-1172. 10.1097/00005537-200007000-00019
7. Abuabara A: Cerebrospinal fluid rhinorrhoea: diagnosis and management. Med Oral Patol Oral Cir Bucal.

2007, 12:e397-e400.
8. Ozveren MF, Kaplan M, Topsakal C, et al.: Spontaneous cerebrospinal fluid rhinorrhea associated with

chronic renal failure: case report. Neurol Med Chir. 2001, 41:313-317. 10.2176/nmc.41.313
9. Landeiro JA, Flores MS, Lázaro BCR, Melo MH: Surgical management of cerebrospinal fluid rhinorrhea under

endoscopic control. Arq Neuropsiquiatr. 2004, 62:827-831. 10.1590/S0004-282X2004000500016
10. Alonso RC, de la Peña MJ, Caicoya AG, Rodriguez MR, Moreno EA, de Vega Fernandez VM: Spontaneous

skull base meningoencephaloceles and cerebrospinal fluid fistulas. RadioGraphics. 2013, 33:553-570.
10.1148/rg.332125028

11. Komotar R, Starke R, Raper D, Anand V, Schwartz T: Endoscopic endonasal versus open repair of anterior
skull base CSF leak, meningocele, and encephalocele: a systematic review of outcomes. J Neurol Surg Part A

2021 Bubshait et al. Cureus 13(2): e13457. DOI 10.7759/cureus.13457 10 of 11

https://dx.doi.org/10.1007/BF01809331
https://dx.doi.org/10.1007/BF01809331
https://dx.doi.org/10.1001/archsurg.1926.01130050003001
https://dx.doi.org/10.1001/archsurg.1926.01130050003001
https://dx.doi.org/10.1288/00005537-199103000-00006
https://dx.doi.org/10.1288/00005537-199103000-00006
https://dx.doi.org/10.1067/mhn.2000.107452
https://dx.doi.org/10.1067/mhn.2000.107452
https://dx.doi.org/10.1017/S0022215100139295
https://dx.doi.org/10.1017/S0022215100139295
https://dx.doi.org/10.1097/00005537-200007000-00019
https://dx.doi.org/10.1097/00005537-200007000-00019
https://pubmed.ncbi.nlm.nih.gov/17767107/
https://dx.doi.org/10.2176/nmc.41.313
https://dx.doi.org/10.2176/nmc.41.313
https://dx.doi.org/10.1590/S0004-282X2004000500016
https://dx.doi.org/10.1590/S0004-282X2004000500016
https://dx.doi.org/10.1148/rg.332125028
https://dx.doi.org/10.1148/rg.332125028
https://dx.doi.org/10.1055/s-0032-1325636


Cent Eur Neurosurg. 2012, 74:239-250. 10.1055/s-0032-1325636
12. Citardi M: Cerebrospinal fluid rhinorrhea. In Cummings Otolaryngology: Head and Neck Surgery, Fourth

Edition. Cumming CW, Schuller DE, Thomas TJ (ed): Elsevier Mosby, Philadelphia; 2005. 1276:89.
13. Gilat H, Rappaport Z, Yaniv E: Endoscopic transnasal cerebrospinal fluid leak repair: a 10 year experience .

Isr Med Assoc J. 2011, 13:597-600.
14. Schlosser RJ, Bolger WE: Management of multiple spontaneous nasal meningoencephaloceles .

Laryngoscope. 2002, 112:980-985. 10.1097/00005537-200206000-00008
15. Stibler H: The normal cerebrospinal fluid proteins identified by means of thin-layer isoelectric focusing and

crossed immunoelectrofocusing. J Neurol Sci. 1978, 36:273-288. 10.1016/0022-510X(78)90088-6
16. Arrer E, Meco C, Oberascher G, Piotrowski W, Albegger K, Patsch W: β-Trace protein as a marker for

cerebrospinal fluid rhinorrhea. Clin Chem. 2002, 48:939-941. 10.1093/clinchem/48.6.939
17. Melegos DN, Diamandis EP, Oda H, Urade Y, Hayaishi O: Immunofluorometric assay of prostaglandin D

synthase in human tissue extracts and fluids. Clin Chem. 1996, 42:1984-1991. 10.1093/clinchem/42.12.1984
18. McMains KC, Gross CW, Kountakis SE: Endoscopic management of cerebrospinal fluid rhinorrhea .

Laryngoscope. 2004, 114:1833-1837. 10.1097/00005537-200410000-00029
19. Locatelli D, Rampa F, Acchiardi I, Bignami M, Bernardi F De, Castelnuovo P: Endoscopic endonasal

approaches for repair of cerebrospinal fluid leaks: nine-year experience. Oper Neurosurg. 2006, 58:246-257.
10.1227/01.NEU.0000193924.65297.3F

20. Stone JA, Castillo M, Neelon B, Mukherji SK: Evaluation of CSF leaks: high-resolution CT compared with
contrast-enhanced CT and radionuclide cisternography. Am J Neuroradiol. 1999, 20:706-712.

21. Sillers MJ, Morgan CE, Gammal TE: Magnetic resonance cisternography and thin coronal computerized
tomography in the evaluation of cerebrospinal fluid rhinorrhea. Am J Rhinol. 1997, 11:387-392.
10.2500/105065897781286052

22. Hubbard JL, McDonald TJ, Pearson BW, Laws ER: Spontaneous cerebrospinal fluid rhinorrhea: evolving
concepts in diagnosis and surgical management based on the Mayo Clinic experience from 1970 through
1981. Neurosurgery. 1985, 16:314-321. 10.1227/00006123-198503000-00006

23. Eljamel MS, Pidgeon CN, Toland J, Phillips JB, O’Dwyer AAJ: MRI cisternography, and the localization of
CSF fistulae. Br J Neurosurg. 1994, 8:433-437. 10.3109/02688699408995111

24. Moseley JI, Carton CA, Stern WE: Spectrum of complications in the use of intrathecal fluorescein . J
Neurosurg. 1978, 48:765-767. 10.3171/jns.1978.48.5.0765

25. Keerl R, Weber RK, Draf W, Wienke A, Schaefer SD: Use of sodium fluorescein solution for detection of
cerebrospinal fluid fistulas: an analysis of 420 administrations and reported complications in Europe and
the United States. Laryngoscope. 2004, 114:266-272. 10.1097/00005537-200402000-00016

26. Saafan ME, Ragab SM, Albirmawy OA: Topical intranasal fluorescein: the missing partner in algorithms of
cerebrospinal fluid fistula detection. Laryngoscope. 2006, 116:1158-1161.
10.1097/01.mlg.0000217532.77298.a8

27. Bernal-Sprekelsen M, Alobid I, Mullol J, Trobat F, Tomás-Barberán M: Closure of cerebrospinal fluid leaks
prevents ascending bacterial meningitis. Rhinology. 2005, 43:277-281.

28. Kirtane M V., Gautham K, Upadhyaya SR: Endoscopic CSF rhinorrhea closure: our experience in 267 cases .
Otolaryngol Neck Surg. 2005, 132:208-212. 10.1016/j.otohns.2004.09.004

29. Mirza S, Thaper A, McClelland L, Jones NS: Sinonasal cerebrospinal fluid leaks: management of 97 patients
over 10 years. Laryngoscope. 2005, 115:1774-1777. 10.1097/01.mlg.0000175679.68452.75

30. Casiano RR, Jassir D: Endoscopic cerebrospinal fluid rhinorrhea repair: is a lumbar drain necessary? .
Otolaryngol Neck Surg. 1999, 121:745-750. 10.1053/hn.1999.v121.a98754

2021 Bubshait et al. Cureus 13(2): e13457. DOI 10.7759/cureus.13457 11 of 11

https://dx.doi.org/10.1055/s-0032-1325636
https://scholar.google.com/scholar?q=intitle:Cerebrospinal fluid rhinorrhea. In Cummings Otolaryngology%3A Head and Neck Surgery%2C Fourth Edition
https://www.ima.org.il/MedicineIMAJ/viewarticle.aspx
https://dx.doi.org/10.1097/00005537-200206000-00008
https://dx.doi.org/10.1097/00005537-200206000-00008
https://dx.doi.org/10.1016/0022-510X(78)90088-6
https://dx.doi.org/10.1016/0022-510X(78)90088-6
https://dx.doi.org/10.1093/clinchem/48.6.939
https://dx.doi.org/10.1093/clinchem/48.6.939
https://dx.doi.org/10.1093/clinchem/42.12.1984
https://dx.doi.org/10.1093/clinchem/42.12.1984
https://dx.doi.org/10.1097/00005537-200410000-00029
https://dx.doi.org/10.1097/00005537-200410000-00029
https://dx.doi.org/10.1227/01.NEU.0000193924.65297.3F
https://dx.doi.org/10.1227/01.NEU.0000193924.65297.3F
http://www.ajnr.org/content/20/4/706.long
https://dx.doi.org/10.2500/105065897781286052
https://dx.doi.org/10.2500/105065897781286052
https://dx.doi.org/10.1227/00006123-198503000-00006
https://dx.doi.org/10.1227/00006123-198503000-00006
https://dx.doi.org/10.3109/02688699408995111
https://dx.doi.org/10.3109/02688699408995111
https://dx.doi.org/10.3171/jns.1978.48.5.0765
https://dx.doi.org/10.3171/jns.1978.48.5.0765
https://dx.doi.org/10.1097/00005537-200402000-00016
https://dx.doi.org/10.1097/00005537-200402000-00016
https://dx.doi.org/10.1097/01.mlg.0000217532.77298.a8
https://dx.doi.org/10.1097/01.mlg.0000217532.77298.a8
https://pubmed.ncbi.nlm.nih.gov/16405272/
https://dx.doi.org/10.1016/j.otohns.2004.09.004
https://dx.doi.org/10.1016/j.otohns.2004.09.004
https://dx.doi.org/10.1097/01.mlg.0000175679.68452.75
https://dx.doi.org/10.1097/01.mlg.0000175679.68452.75
https://dx.doi.org/10.1053/hn.1999.v121.a98754
https://dx.doi.org/10.1053/hn.1999.v121.a98754

	The Endonasal Endoscopic Management of Cerebrospinal Fluid Rhinorrhea
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Results
	TABLE 1: Characteristics and site of cerebrospinal fluid fistulae.

	Discussion
	FIGURE 1: Coronal CT sinuses showing a right cribriform plate of ethmoid defect with soft tissue mass through defect.
	FIGURE 2: CT cisternography showing a frontal cerebrospinal fluid leak.
	FIGURE 3: Coronal MRI sinuses confirming the presence of an ethmoid meningocele protruding through the cribriform plate defect.
	FIGURE 4: Right lateral sphenoid leak before intrathecal fluorescein dye injection.
	FIGURE 5: Painting of the sphenoid defect after intrathecal fluorescein dye injection.
	FIGURE 6: Blue light filter image with active fluorescein dye in the right cribriform plate of ethmoid cerebrospinal fluid leak.
	FIGURE 7: View of right ethmoid roof cerebrospinal fluid leak before the application of topical fluorescein dye.
	FIGURE 8: View of right ethmoid roof cerebrospinal fluid leak after the application of topical fluorescein dye.

	Conclusions
	Additional Information
	Disclosures

	References


