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Abstract 

Background  To identify and predict risk factors associated with recurrent spontaneous cerebrospinal fluid (CSF) 
rhinorrhea, a cohort study included a total of 37 adult patients with spontaneous CSF rhinorrhea were analyzed.

Results  Over a 2-year period, 37 patients of spontaneous CSF leak with exclusion of other etiologies (traumatic, con-
genital) were enrolled: primary (non-recurrent) (n = 20) and secondary (recurrent) (n = 17), where 83.8% were females 
with an average body mass index (BMI) of 36.4 kg/m2. Associated symptoms of high intracranial pressure (ICP) namely, 
blurred vision and unsteadiness (P-value = 0.006 and 0.01, respectively), multiparity (92.3%), and failure to local-
ize the defect (17.6%) contributed to patients having more recurrence. Although the cribriform plate was detected 
frequently (n = 29.4%), they were associated with lower recurrence compared to lateral recess of sphenoid (66.6% vs 
20%).

Conclusion  Direct endoscopic visualization and repair of skull base defects achieve a high success rate, but failure 
is still a possibility especially in spontaneous etiology of leaks. In a multiparous female, with high CSF pressure, lateral 
sphenoid recess, large size, or unidentified defect, the incidence of recurrence is much higher.

Level of evidence  4
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Background
Spontaneous CSF rhinorrhearepresents a unique sub-
set being the highest to recur of all other etiologies. 
Many studies have correlated it with benign intracranial 
hypertension (BIH) both clinically (headache, pulsatile 
tinnitus, vertigo, and visual disturbances) and radiologi-
cally (empty sella syndrome, dilated/tortuous optic nerve 
sheath, Meckel’s cave, encephaloceles, and arachnoid 
pits). Therefore, for ideal management of spontaneous 

leaks, repair of the defect together with controlling the 
elevated intracranial pressure should be addressed [1–7].

Reviewing the literature shows paucity in studies 
reporting possible causes of recurrence in that specific 
category of patients. The purpose of the current study is 
to report our outcome with repair of spontaneous CSF 
leaks (both primary and recurrent) and to demonstrate 
how management of underlying intracranial hyperten-
sion improves the results.

Methods
A prospective cohort study included a total of 37 adult 
patients with spontaneous CSF rhinorrhea: 20 primary 
and 17 recurrent cases (of whom 3 were repaired in our 
institution and 14 were referred from an outside institu-
tion) over a period of 2 years. Specific operative details of 
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the referred cases were thoroughly reviewed, and those 
who met the criteria of our repair techniques were only 
included. Patients with etiologies other than spontane-
ous rhinorrhea or pediatric group were excluded. An 
informed written consent and an ethical approval from 
Mansoura Faculty of Medicine Institutional Review 
Board (IRB) were obtained.

A detailed history was taken including all demographic 
data with special interest to body mass index (BMI). 
Neurological consultation with application of modified 
Dandy criteria was done to diagnose BIH together with 
fundus examination to assess the degree of papilloedema 
if present [8]. A non-contrast multislice high-resolution 
computed tomography (HRCT) scan was acquired at 1 
mm thickness and a magnetic resonance imaging (MRI) 
of the nose and brain with IV contrast to exclude any 
intracranial pathology and identify signs of increased ICP 
in the heavy T2 cuts.

Under complete aseptic condition, preoperative meas-
urement of CSF pressure was done, and a 0.5 ml of 10% 
fluorescein (10 mg) was slowly administered intrathe-
cally. Then, the procedure was carried under general 
anesthesia. Based on the preoperative CT, location of the 
suspected leak was targeted and exposed using 4 mm 0°, 
30°, and 45° endoscopes (Karl Storz GmbH 7 Co., Tut-
tlingen, Germany) following our previously proposed 
algorithm [9]. Meningocele/meningoencephalocele, if 
found, were cauterized and excised with bipolar forceps. 
The mucosa was taken off for at least 5 mm in all direc-
tions, and the bony margins were dissected from the dura 
to facilitate insertion of an underlay graft. The technique 
of repair did not differ significantly for patients undergo-
ing primary or secondary repair. A standardized bilayer 
repair was performed using combination of hard (bone 
chip) and soft tissue grafts (middle turbinate, inferior tur-
binate graft, platelet-rich fibrin (PRF), fat, or fascia lata). 
The graft was further held in place with layers of Surgi-
cel and Gelfoam. No nasal pack was needed based on our 
experience.

In patients with high ICP > 25-cm H2O, a single dose 
of 100 cc 25% mannitol infusion was administered in 
the recovery room. Intravenous antibiotics, cough seda-
tive, stool softeners, and antiemetics were prescribed as 
required in the early postoperative period, and patient 
was discharged in day 2 postoperative. For long-term 
control of ICP, patients were maintained on acetazola-
mide (250-mg TID upgraded to 2000 mg daily as per 
needed), together with bumetanide (1 mg once daily) 
with monthly check of the electrolytes. Combination of 
both diuretics gives better response and less side effects 
than use of one diuretic in large dose for long period. 
A second fundus examination and CSF pressure meas-
urement were done at 2-month interval to determine 

whether to continue medically or to insert a shunt (for 
pressures exceeding 40-cm H2O after neurosurgical 
consultation), and follow up was continued for at least 
6 months. Of noted, recurrence was considered when a 
leak at the same site occurred after > 2 months of cessa-
tion of the leak or developed at a separate anatomic site, 
whereas failure was described when the patient leaks in 
less than 2 months.

Results
A total of 37 patients (2ry (n = 17), 1ry (n = 20)) of spon-
taneous CSF leak were endoscopically repaired by the 
senior author over a 2-year period. Mean age was 42.3 
years, and 31 patients were females (83.8%) with an aver-
age BMI of 36.4 kg/m2 (Table 1) None of the associated 
comorbidities (hypertension, diabetes, or hepatic dis-
ease) significantly correlated with recurrence except for 
number of parities after exclusion of male patients where 
92.3% of the recurrent cases were multiparous versus 

Table 1  Relation between demographic data among in both 
groups

* P < 0.05 is statistically significant

Recurrence No recurrence p-value
N = 17 (%) N = 20 (%)

Age (year) 44.47 ± 11.58 40.05 ± 11.17 0.246

BMI (kg/m2) 33.8 ± 5.74 36.17 ± 8.75 0.346

CSF pressure 32.53 ± 8.48 29.65 ± 7.6 0.284

Sex

  Male 4 (23.5%) 2 (10%) 0.383

  Female 13 (76.5%) 18 (90%)

Marital status

  Not married 1 (5.9%) 2 (10%) > 0.999

  Married 16 (94.1%) 18 (90%)

Smoking

  Nonsmoker 15 (88.2%) 20 (100%) 0.204

  Current smoker 2 (11.8%) 0 (0%)

No. of deliveries N = 13 N = 18

  Nullipara 1 (7.7%) 4 (22.2%) < 0.001**

  Primipara 0 (0%) 9 (50%)

  Multipara 12 (92.3%) 5 (27.8%)

Leakage side

  Right 10 (58.8%) 10 (50%) 0.919

  Left 6 (35.2%) 8 (40%)

Bilateral 1 (5.8%) 2 (10%)

Headache 17 (100%) 15 (75%) 0. 05

Blurring of vision 15 (88.2%) 8 (40%) 0.006*

Unsteadiness 9 (52.9%) 2 (10%) 0.01*

Meningitis 2 (11.8%) 1 (5%) 0.584

COVID-19 2 (11.8%) 1 (5%) 0.999

Pneumocephalus 1 (5.9%) 0 (0%) 0.459
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27.8% in the 1ry group. Although headache was the most 
common symptom (86.5%), recurrence occurred more 
frequently in patients complaining of blurred vision or 
unsteadiness (P-value = 0.006 and 0.01, respectively). 
Previous history of meningitis was detected in two 
recurrent and one 1ry patients (11.8% vs 5%). Of note, 
2 patients with 2ry leak and 3 patients in the 1ry group 
reported a recent COVID-19 infection within the last 
6 months. After his 1ry repair, one patient had massive 
pneumocephalus operated outside our institution, which 
was managed conservatively and reported recurrence 
of the leak after 4 months. Different sites of defect were 
detected with the cribriform plate being the highest in 
both groups (35.1%) (Fig. 1). Also, one patient had a his-
tory of multiple defects (posterior table frontal sinus and 
lateral lamella) detected in the first surgery with recur-
rence occurring at one of them (lateral lamella). Three 
patients’ defects were unidentified in their primary repair 
(performed in an outside institution (n = 2) or in our 
hospital (n = 1)); however, a definitive leak was identi-
fied in only two of them in the secondary procedure. 
Detect size ≥ 1 cm was considered large and found in 
47% of recurrent and 5% of 1ry patients. The accuracy of 
CT scan to detect the exact site of leak was higher in the 

primary cases (85% vs 58.8%) (Fig. 2), whereas MRI find-
ings of increased ICP (empty sella, meningocele, dilated 
optic nerve sheath) were noticed more with recurrence 
(53% vs 10%) (Fig. 3). The mean ICP was slightly higher 
in the recurrent group (32.53 vs 29.65-cm H2O) when 
measured intraoperatively. A logistic regression analy-
sis demonstrates various factors that reached a statisti-
cal significance among the 2 groups as shown in Table 1. 
Overall, multiparity, increased BMI, high ICP, lateral 
recess defects, and unidentified sites were associated 
with an increase in recurrence. Meanwhile, a small size of 
defect < 1 cm was associated with decreased recurrence.

Acetazolamide and bumetanide were initiated immedi-
ate postoperatively in all patients for a minimum period 
of 6 months with possible deprescription after cessation 
if headache evolves. None of the patients after second-
ary repair underwent ventriculoperitoneal shunt (VPS) 
placement with a success rate of 100% after a mean of 
8.2 months of follow-up. In the 17 recurrent patients, 
mean recurrence-free survival was 66.4 months (with 
95% CI) (Fig.  4). Recurrence was detected either at the 
primary site, a different site, or an unidentified leak in 
29.4%, 52.9%, and 17.6%, respectively (Table  2), and all 
had repeat transnasal endoscopic repair. Of those, 3 

Fig. 1  A Defect in left clival recess. Note: sella (2 asterisks) and Vidian nerve (1 asterisk). B Defect in right posterior cribriform plate, nasal septum (1 
asterisk), middle turbinate (2 asterisks). C Defect in right lateral lamella, middle turbinate (2 asterisks), anterior ethmoid artery (black asterisk), frontal 
ostium with no leak from the previously repaired defect (white asterisk)

Fig. 2  A Defect in left clival recess (asterisk). B A large defect in right posterior fovea ethmoidalis (asterisk). C Defect in lateral recess of sphenoid 
(asterisk)
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recurred within 2 months post-operatively. One of them 
linked recurrence to discontinuation of acetazolamide. 
Use of lumboperitoneal shunt (LPS) was employed in 2 
cases with an ICP of 43 and 52-cm H2O at the recom-
mendation of neurosurgical team, and none received a 
lumbar drain (LD). Table 3 represents a receiver operat-
ing characteristic (ROC) curve that is used to detect the 

positive predictive value (+PV) for probability of recur-
rence by assigning a cutoff point for suspected risk factor, 
where CSF pressure more than 39-cm H2O considered 
a cutoff point, and patient get recurrence by about 83.3. 
BMI more than 29.07 kg/m2, number of parities > 1, and 
the size of defect > 1 cm increase the probability of recur-
rence by 60.7, 70.6, and 76.5, respectively.

Fig. 3  Signs of increased ICP. A Complete empty sella (asterisk). B Dilated tortuous optic nerve sheath

Fig. 4  Kaplan-Meier plot showing recurrence-free survival among studied patients
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Discussion
A total of 17 recurrent cases and 20 nonrecurrent 
patients were compared, and no specific factor reached 
statistical significance in demographic characteristics 
(age, sex, or comorbidities). However, the number of par-
ities was statistically significant in the recurrent group. 
Female representation was 83.8% with an average BMI 
of 36.4 kg/m2 consistent with BMI rates reported at 35.9 
kg/m2 and 36.2 kg/m2 by Schlosser et al. and Woodworth 
et al., respectively [4, 10].

Mean ICP of the recurrent group was 32.53-cm H2O 
and 29.65-cm H2O for the nonrecurrent group. This 
is slightly higher than that reported by Schlosser et  al. 
and Woodworth et al. at 26.5-cm H2O and 27-cm H2O, 
respectively [4, 10]. We believe that the most impor-
tant factor predictive of recurrence is the increased ICP 
regardless of the preoperative reading which is some-
times misleading. The more reliable ways of suspecting 
high pressure were symptoms of blurred vision, unsteadi-
ness, or MRI finding of empty sella+/− meningocele 
(P-value = 0.006, 0.01, 0.001, respectively). In accordance 
with Woodworth who found 3 patients had an ICP below 
15-cm H2O, all had radiological evidence of elevated 
pressure (i.e., empty sella) and concluded reasons for low 
readings could be depleted CSF from excessive drainage, 
postoperative diuretics, or measurement of a single time 
point during natural daily fluctuations [10].

There are many reported methods of ICP manage-
ment in the literature including medical treatments or 
permanent CSF diversion [11]. We routinely prescribed 
acetazolamide and bumetanide for all patients for a long 

period of time; LPS was inserted after the 1st surgery in 
2 patients because of persistent elevated pressure (43, 
52-cm H2O) who both reported recurrence of leak and 
need for a second repair after then. Yet, we reported no 
recurrence in any of the 17 cases after 8.2 months of fol-
low-up. Unlike Chaaban et  al. who treated pressures of 
15-cm H2O with LDs plus acetazolamide and pressures 
of 35-cm H2O with VP shunts, Martinez-Capoccioni 
et  al. had only one recurrence out of 25 spontaneous 
leaks after using acetazolamide and LDs. Campbell et al. 
reported 28% recurrence despite repair and treatment 
with acetazolamide. Sloiman et al. inserted LPS in all of 
his 18 patients and reported no recurrence [12–15]. Pre-
vious reports found that use of LDs in endoscopic CSF 
leak repair was associated with increased morbidity with 
no reduced recurrence rates [16, 17]. Nevertheless, the 
length of follow-up should be extended, as failures are 
suspected over time especially with continuously pulsa-
tile forces of the elevated pressure in those patients espe-
cially if treatment is interrupted for any reason.

Five leaks recurred at the initial defect site; 7 evolved 
at a different site either on the ipsilateral (n = 5) or con-
tralateral (n = 2) side. Two of the three patients with pri-
mary unidentified leak were detected at the cribriform 
plate and supraorbital recess in the repeat surgery, while 
the third patient remained unidentified even with the use 
of intrathecal fluorescein (possibly due to low CSF pres-
sure from chronic leak) necessitating exposure and repair 
of the whole skull base. That is why a combination of CT, 
MRI, intrathecal fluorescein, and sometimes with Vals-
alva and Trendelenburg position is highly recommended. 
Woodworth et  al. had three leaks failed at the primary 
site, and three additional leaks occurred at a new dis-
tant site. Interestingly, three of these patients had docu-
mented VPS malfunction further suggesting that elevated 
ICP may have directly contributed to the failures [9, 17].

In accordance with others [18, 19], failure to localize 
skull base defect contributed to patients requiring revi-
sion surgery in 17.6% within 1–2 months postoperatively. 
Although cribriform plate defects had higher incidence 
in the 2ry group (n = 29.4%), they were associated with 
lower recurrence compared to LR of sphenoid (66.6% vs 
20%) raising concern whether there is a need to change 

Table 2  Logistic regression coefficients

AOR Adjusted odds ratio, CI Confidence interval

Variable Coefficient AOR (95% CI) p-value

Multiparity 24.188 31,957,908,905 (0) 0.998

BMI 0.669 1.95 (0.8–4.78) 0.14

CSF pressure 0.013 1.01 (0.89–1.15) 0.85

Unidentified site 21.583 2,362,463,547 (0) > 0.999

Large size of defect 4.792 120.54 (0.41–35,791.21) 0.099

Table 3  Criterion values and coordinates of the receiver operating characteristic (ROC) curve

Variable Optimal criteriona Sensitivity Specificity +PV Area under 
the ROC curve 
(AUC)

Standard error 95% confidence 
interval

Significance 
level P

CSF pressure > 39 29.41 95.00 83.3 0.607 0.0985 0.433 to 0.763 0.2760

BMI > 29.07 100.00 45.00 60.7 0.710 0.0865 0.538 to 0.847 0.0150

Number of deliveries > 1 92.31 72.22 70.6 0.803 0.0774 0.622 to 0.924 0.0001

Size of defect > 1 76.47 80.00 76.5 0.765 0.0782 0.597 to 0.888 0.0007
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material or technique of repair in this specific loca-
tion or not. Lindstrom et al. noted that lateral sphenoid 
defects are difficult to visualize and had a higher rate 
of recurrence in their series [20]. Although statistically 
insignificant, we noticed that postoperative complica-
tions (meningitis (P-value = 0.584), COVID-19 (P value 
> 0.999), and pneumocephalus (P-value = 0.459) (Fig. 5) 
were linked to early recurrence.

Size of the defect correlated significantly to recur-
rence (P-value=0.001), whereas material of repair did not 
impact the outcome [9, 21], and hence, repair technique 
was standardized. The largest single-institution series did 
not note differences in recurrence rates based on recon-
structive method using multilayer closure of free mucosal 
or overlay nasoseptal flap [12], however, Burns et al. dis-
cussed altering the method of closure depending on the 
size of the defect in the CP and FE [22]. Castelnuovo 
concluded some points that may improve the success of 
CSF repair, leak margins must be prepared accurately and 
cover at least 5 mm, and, for superior and lateral sphe-
noid sinus leaks, fat is better than other grafts [23].

Conclusion
Direct endoscopic visualization and repair of skull base 
defects achieve a high success rate, but failure is still a 
possibility especially in spontaneous etiology of leaks. 
Factors predictive of failure of the primary repair were 
multiparity, high BMI, symptoms and signs of increased 
ICP (blurred vision, unsteadiness, or MRI finding of 

empty sella+/− meningocele), failure to localize the 
defect, size of defect, and sphenoid lateral recess. Recon-
structive material did not significantly predict a better 
outcome.
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