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ABSTRACT
The purpose of this study is to evaluate the importance of neuro-ophthalmological magnetic
resonance imaging (MRI) findings in the identification of the aetiology of rhinorrhoea, and the
differentiation of spontaneous rhinorrhoea from non-spontaneous rhinorrhoea.

MR images of 25 patients with spontaneous and 21 patients with non-spontaneous rhinor-
rhoea were evaluated for the presence of neuro-ophthalmological findings of intracranial hyper-
tension (IHT). These include optic nerve vertical tortuosity, optic nerve sheath enlargement,
flattening of the posterior sclera and optic nerve protrusion, as well as other MRI findings of
ICH, such as partial empty sella, dilatation of Meckel’s cave and the presence of arachnoid pits.

IHT findings were more common in the spontaneous group. Six criteria (optic nerve distention,
optic nerve vertical tortuosity, posterior flattening of the sclera, partial empty sella, Meckel’s cave
dilatation and presence of arachnoid pits) differentiate between patient and control groups.

Patients with spontaneous cerebrospinal fluid (CSF) leaks should be evaluated for signs of IHT
on MRI, as they are present in the majority of spontaneous CSF leaks and are representative of
increased intracranial pressure.
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Introduction

Leakage of the cerebrospinal fluid (CSF) without
trauma, tumour or iatrogenic causes is known as
spontaneous rhinorrhoea. With the widespread use
of the B2 transferrin test, which has a high diagnostic
efficiency in detecting CSF leakage (sensitivity: 93%
and specificity: 100%, respectively), spontaneous
BOS leakage has become more easily detectable.1 It
is estimated that spontaneous rhinorrhoea constitu-
tes 14–46% of all rhinorrhoea.2

The majority of spontaneous rhinorrhoea cases are
thought to be secondary to intracranial hypertension
(IHT).3–5 Prolonged pulsatile pressure applied to cra-
nium causes erosion and leads to CSF leaks in areas
that are structurally weak.6 Recognition of IHT in the
preoperative period affects treatment and long-term
results of the surgery.6 Optic nerve vertical tortuosity,
optic nerve sheath enlargement, flattening of the pos-
terior sclera, and optic nerve protrusion are common
neuro-ophthalmological magnetic resonance imaging
(MRI) findings of IHT.7 The purpose of this study is
to evaluate the importance of neuro-ophthalmological
MRI findings in the identification of the aetiology of

rhinorrhoea, and the differentiation of spontaneous
rhinorrhoea from non-spontaneous rhinorrhoea.

Materials and methods

This retrospective study is a case series of patients
with CSF leaks treated at a single institution from
2011 to 2017. Institutional review board approval
was obtained before initiation of this study.

The study included 24 spontaneous and 20 non-
spontaneous rhinorrhoea patients proven with
surgery, and one spontaneous and one non-spon-
taneous rhinorrhoea patient who did not undergo
surgery but were positive for β2 transferrin. All
had radiologically shown CSF leakage.

Electronic medical records were reviewed to
obtain the following patient data: age, sex and
clinical presentation.

All MRI examinations were acquired with a 3T
MRI scanner (Siemens Verio, Siemens Medical
Solutions, Erlangen, Germany) using a standard
head coil with T2-weighted imaging in the coronal
plane, three-dimensional (3D) constructive
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interference in steady state (3D-CISS) in the sagit-
tal plane, and two-dimensional sampling perfec-
tion with application-optimised contrasts using
different flip-angle evolution (2D-SPACE) in the
sagittal plane. MR images were retrospectively
interpreted by three radiologists (EP, DK, MK)
with 13 years, 8 years and 7 years of experience,
respectively, in consensus, who were blinded to the
β2 transferrin results and operative findings
regarding the existence and location of the CSF
leak. Brain parenchyma or meningeal herniation
through a bone defect was also noted and consid-
ered a sign of CSF leakage (Figure 1).

All MR images were evaluated for the presence
of neuro-ophthalmological findings of ICH. These
include optic nerve vertical tortuosity, optic nerve
sheath enlargement, flattening of the posterior
sclera, and optic nerve protrusion as well as other
MRI findings of ICH, such as partial empty sella,
dilatation of Meckel’s cave and the presence of
arachnoid pits.

Partial empty sella was diagnosed when the pre-
sence of CSF in the pituitary fossa exceeded >50%
(Figures 2 and 3).8–11 Posterior flattening of the globe
was defined as the flattening of normal convexity at
the origin of the optic nerve.12,13 Optic nerve protru-
sion was diagnosed when the convexity at the point of
entry into globe is lost.14,15 The presence of an ‘S’
shaped optic nerve in sagittal images was defined as
optic nerve tortuosity (Figure 4).8 The presence of a

CSF distance of >2 mm around the optic nerve was
diagnosed as optic nerve distention (Figures 5 and 6).8

The imaging findings were confirmed with a β2
transferrin test and surgical findings.

Frequency (percent) for categorical variables
and mean ± standard deviation [median
(minimum–maximum)] for metric variables are

Figure 1. CSF leakage at the right cribriform plate on coronal
CISS image.

Figure 2. Patient with non-spontaneous CSF leakage. Sagittal
T2 weighted image shows normal sized pituitary gland (arrow).

Figure 3. Patient with spontaneous CSF leakage. Partial empty
sella on sagittal T2 weighted image (arrow).
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given as descriptive statistics. While the Mann–
Whitney U test was used to compare the two
independent groups in terms of metric variables,
a chi-square test was performed to compare the
two independent groups in terms of categorical
variables. The area under the ROC curve (AUC)
gives an estimate of the overall accuracy of each
finding. AUC of 0.50 implies that the variable adds
no information. In order to define risk factors of
outcome variables (being in the spontaneous CSF
leakage group) multivariable logistic regression
analysis was used. p < 0.05 was accepted as statis-
tically significant.

Results

The study included 25 patients with spontaneous
rhinorrhoea and 21 patients with non-spontaneous
rhinorrhoea. Non-spontaneous group consisted of

one patient with tumour in the cavernous sinus, 16
patients with a history of trauma, four patients
with a history of previous surgery.

Average age of presentation was 46 ± 11 years
(23–68 years) for the spontaneous group, and
41 ± 11 years (21–63 years) for the non-sponta-
neous group. The difference was not statistically
significant (p = 0.111).

Of the spontaneous group 72% (n = 18) and 28%
(n = 7) of the non-spontaneous group were female.
This difference was statistically significant (p = 0.003).

No headache was found in any patient in the
non-spontaneous group, and headache was
observed in 20% of the group with spontaneous
CSF leakage.

For the spontaneous group the most common
defect was lateral sphenoid sinus (n = 10, 41.6%),
followed by cribriform plate (olfactory bulb)
(n = 10, 41.6%), ethmoid roof (n = 6, 25%), frontal
sinus (n = 3, 12.5%), central sphenoid sinus (n = 1,
4.1%), sella (n = 1, 4.1%), and nasal cavity (n = 1,
4.1%). Multiple defects were observed in seven
patients (Table 1).

IHT findings were more common in the spon-
taneous group (median: 4 vs. 0). Optic nerve
sheath distention, optic nerve tortuosity, optic
nerve protrusion, partial empty sella, Meckel’s
cave dilatation and the presence of arachnoid pits

Figure 4. Vertical tortuosity of the optic nerve on sagittal T2
weighted image.

Figure 5. Patient with non-spontaneous CSF leakage. Axial T2
weighted image shows no distention of the optic nerve sheaths.

Figure 6. Patient with spontaneous CSF leakage. Distension of
the optic nerve sheath on axial T2 weighted image.
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were more frequent in the spontaneous group than
non-spontaneous CSF leakage group (p < 0.05).
Optic nerve protrusion was seen in only one
patient with spontaneous CSF leakage (Table 2).

Six criteria (optic nerve distention, optic nerve
vertical tortuosity, posterior flattening of the sclera,
partial empty sella, Meckel’s cave dilatation and pre-
sence of arachnoid pits) differentiate between patient
and control groups (AUC: 0.789, p = 0.001; AUC:
0.740, p = 0.005; AUC: 0.700, p = 0.021; AUC: 0.741,
p = 0.005; AUC: 0.700, p = 0.021; and AUC: 0.832,
p = 0.000, consecutively). Optic nerve protrusion was
not discriminative between the two groups (AUC:
0.520, p = 0.817). Optic nerve sheath distention
yielded the highest AUC (0.789) among the neuro-
ophthalmologic findings and the presence of ara-
chnoid pits showed the highest AUC (0.832) among
all findings (Table 3). Eighteen patients had partial
empty sella (sensitivity: 72%; specificity: 76%); 18
patients had optic nerve sheath distention (sensitivity:

72%; specificity: 85%); 12 patients had vertical tortu-
osity of the optic nerve (sensitivity: 48%; specificity:
100%); 10 patients had posterior flattening of the
globe (sensitivity: 40%; specificity: 100%); 10 patients
had Meckel’s cave dilatation (sensitivity: 40%; specifi-
city: 100%); and 19 patients had arachnoid pits
(Figure 7) (sensitivity: 76%; specificity: 90%) (Table 3).

Spontaneous CSF leakage can be distinguished
from non-spontaneous CSF leakage with an accu-
racy of 84.7% (95% CI: 71.1–93.6) if two or more
of the IHT findings are positive. The accuracy rate
increases to 86.9% (95% CI: 71.1–93.6) when par-
tial empty sella is not included (Table 4).When the
partial empty sella is excluded, 100% of the cases
with two or more positive IHT findings were in
the spontaneous group. 77% of the non-sponta-
neous group had less than two findings.

The logistic regression analysis showed that dis-
tention of the optic nerve sheath (p = 0.014, Exp
(B): 9,358, 95% CI: 1,579–55,470) and arachnoid
pit presence (p = 0.002, Exp(B) CI: 3,118–129,543)
was significant. The model with partial empty sella
was not significantly distinctive (p = 0.288).

Limitations

Our study has some limitations. First, this was a retro-
spective study with a relatively small sample size.
Second, no lumber pressure data was available for
the patients included in the study. The major

Table 1. Distribution of leak localisations in spontaneous and
non-spontaneous CSF leaks.

Spontaneous % (n) Non-spontaneous % (n)

Lateral sphenoid sinus 41.6 (10) 0
Cribriform plate 41.6 (10) 10 (2)
Ethmoid roof 25 (6) 30 (6)
Frontal sinus 12.5 (3) 25 (5)
Central sphenoid sinus 4.1 (1) 10 (2)
Sella 4.1 (1) 15 (3)
Nasal cavity 4.1 (1) 5 (1)
Cavernous sinus 0 5 (1)

Table 2. The frequency of intracranial hypertension findings in spontaneous and non-spontaneous CSF leaks.

Spontaneous n = 24
Non-Spontaneous

n = 21
Significance

(p = )

Optic nerve sheath distention 18 (72%) 3 (14.3%) 0.001
Optic nerve vertical tortuosity 12 (48%) 0 0.000
Optic nerve protrusion 1 (4%) 0 1.000
Flattening of the posterior sclera 10 (40%) 0 0.001
Partial empty sella, n (%) 18 (72%) 5 (23.8%) 0.005
Meckel’s cave dilatation 10 (40%) 0 0.001
Presence of arachnoid pit 19 (76%) 2 (9.5%) 0.000
Median number of positive findings 4 (0–6) 0 (0–2)

Table 3. Diagnostic value of MRI parameters.
True

positive
True

negative
False

positive
False

negative AUC (95%CI) [p = ] Sensitivity (95%CI) Specificity (95%CI)

Optic nerve sheath distention 18/25 18/21 3/21 7/25 0.789 (0.652–0.925) [0.000] 72% (0.52–0.85) 85% (0.65–0.95)
Optic nerve vertical tortuosity 12/25 21/21 0/21 13/25 0.740 (0.596–0.884) [0.005] 48% (0.30–0.66) 100% (0.84–1.00)
Optic nerve protrusion 1/25 21/21 0/21 24/25 0.520 (0.351–0.689) [0.817] 4% (0.007–0.145) 100% (0.84–1.00)
Flattening of the posterior sclera 10/25 21/21 0/21 15/25 0.700 (0.549–0.851) [0.021] 40% (0.23–0.59) 100% (0.84–1.00)
Partial empty sella, n (%) 18/25 16/21 5/21 7/25 0.741 (0.593–0.889) [0.001] 72% (0.52–0.85) 76% (0.54–0.89)
Meckel’s cave dilatation 10/25 21/21 0/21 15/25 0.700 (0.549–0.851) [0.021] 40% (0.23–0.59) 100% (0.84–1.00)
Presence of arachnoid pit 19/25 19/21 2/21 6/25 0.832 (0.709–0.957) [0.000] 76% (0.56–0.88) 90% (0.71–0.97)
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limitation of this study is the absence of neurological
evaluation including optic disc examination. Despite
retrospective design of the study, it may still be pos-
sible to reach the neurological evaluation of the
patients because of rhinorrhoea. The patients were
operated in the early period and they were directed
for neurological examination after the operation. As a
result, neurological examination results were not
obtained preoperatively.

Discussion

The association of spontaneous CSF leakage with
IHT is well known6 and have similar clinical pre-
sentations. As in our research, both IHT and spon-
taneous CSF leakage has been reported mainly in
female patients.3,6,16,17

Leakage of CSF reduces CSF pressure by serving
as an alternative drainage route for patients with
IHT.18 Symptoms may recur due to elimination of
this alternative drainage pathway after surgical
treatment.19 For this reason, treatment to decrease
CSF pressure should be performed before surgery
in these patients. Recurrence has been reported in
cases where IHT therapy cannot be performed
effectively.6 Determining the aetiology of CSF
leakage and recognising these findings as related
to IHT before surgery has a critical importance for
appropriate treatment and reducing recurrence
rates.

IHT is significantly associated with distention of
the optic nerve sheath, optic nerve protrusion vertical
tortuosity of the optic nerve, posterior flattening of the
globe, partial empty sella, dilatation of Meckel’s cave
and the presence of arachnoid pits.8,20–22 Evaluation
ofMRI findings of IHT in patients with rhinorrhoea is
important for appropriate treatment. This study is
focused on determining the diagnostic value of the
presence of neuro-ophthalmologic IHT findings in
patients with spontaneous CSF leakage and to differ-
entiate between spontaneous and non-spontaneous
CSF leakage. Our study has shown that optic nerve
sheath distention, optic nerve tortuosity, partial empty
sella, Meckel’s cave dilatation and the presence of
arachnoid pits are significantly more common in the
spontaneous CSF leakage group than the non-spon-
taneous group. Spontaneous CSF leakage can be dis-
tinguished from non-spontaneous CSF leakage with
high accuracy if two or more of the IHT findings are
positive. Diagnostic efficiency is increased when par-
tial empty sella is not included.

Because of increased CSF pressure after pro-
longed IHT, CSF leaks can be observed in sites
that are structurally weak, such as the lateral wall
of the excessive pneumatised sphenoid sinus, or
adjacent to natural perforations such as the cribri-
form plate.6,18 Similar to other literature, in our
study spontaneous CSF leaks were most com-
monly seen in these regions.3,6 In the non-sponta-
neous group, the leakage location varies according
to the trauma, previous surgery or tumour site.

In conclusion, patients with spontaneous CSF
leaks should be evaluated for signs of IHT on MRI,
as they are present in the majority of spontaneous
CSF leaks and are representative of increased
intracranial pressure.

Disclosure statement

No potential conflict of interest was reported by the authors.

Figure 7. Bilateral arachnoid pits at the temporal region on
coronal T2 weighted image.

Table 4. Diagnostic efficacy in terms of detection of spontaneous CSF leakage in the presence of 2 or more intracranial hypertension.

True
positive

True
negative

False
positive

False
negative

Sensitivity
[95%CI]

Specificity
[95%CI]

Positive
predictive value

[95%CI]

Negative
predictive value

[95%CI]
AUC

[95%CI]
Accuracy
[95%CI]

>1 findings positive 20 19 2 5 80% (20/25)
[59.3–93.7]

90.4% (19/21)
[69.6–98.8]

90.9% (20/22)
[72.5–97.4]

79.1% (19/24)
[63.1–89.3]

0.912
[0.826–0.999]

84.7% (39/46)
[71.1–93.6]

>1 findings positive
(except partial
empty sella)

19 21 0 6 76% (19/25)
[54.8–90.6]

100% (21/21)
[83.8–100]

100% (19/19) 77.7% (21/27)
[63.5–87.5]

86.9% (40/46)
[73.7–95.6]
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