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Definition

Cerebrospinal fluid rhinorrhea (CSF rhinorrhea) is a pathological condition
characterized by the leakage of cerebrospinal fluid (CSF) from the nose. This occurs
due to a defect in the skull base, which creates an abnormal communication between
the subarachnoid space (the space surrounding the brain and spinal cord) and the nasal
cavity. The defect typically involves a breach in the arachnoid and dura mater, often
accompanied by an osseous (bony) defect. CSF rhinorrhea is a significant clinical
condition because it can lead to serious complications such as meningitis, encephalitis,
or brain abscess if left untreated. Early diagnosis and management are critical to prevent
these life-threatening complications (Arshad et al., 2024).

Normal Physiology of CSF
Cerebrospinal fluid (CSF) is a clear, colorless fluid that surrounds the brain and spinal
cord, providing cushioning, nutrient exchange, and waste removal. CSF is produced
primarily in the choroid plexus of the lateral, third, and fourth ventricles at a rate of
approximately 0.35 mi/min. The total volume of CSF in adults ranges from 90 to 150
ml, and this volume is turned over three to five times per day. CSF flows from the
ventricles into the subarachnoid space, where it is absorbed by arachnoid villi along the
cerebral convexities. Normal CSF pressure ranges from 5 to 15 cmH-O when measured
in the lateral decubitus position. Neurologic symptoms may occur when CSF pressure
exceeds 15-20 cmH-0, a condition often associated with increased intracranial pressure
(ICP). Elevated ICP can result from various conditions, including hydrocephalus,
intracranial tumors, or idiopathic intracranial hypertension (1IH) (Saha, Tapuria, &
Care, 2024).
History
The understanding of CSF rhinorrhea has evolved significantly over centuries:
e 4th Century BC: Hippocrates first described CSF leaks as "fluid on the brain,"
though the underlying mechanisms were not understood at the time.
e 17th Century: Vesalius and Cotugno advanced the understanding of CSF
anatomy and flow through detailed dissections and anatomical studies.
o 1862: Willis provided the first description of anterior skull base CSF fistulas,
linking the nasal cavity to the intracranial space.
e 1926: Dandy performed the first surgical repair of a CSF leak via frontal
craniotomy, marking a significant milestone in the treatment of this condition.
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1981: Wigand pioneered the use of endoscopic techniques for repairing CSF
leaks, which revolutionized the treatment of this condition by offering a
minimally invasive approach with high success rates (Dandy, 1926; Wigand,
1981; Mattox & Kennedy, 1995).

Etiology
CSF rhinorrhea can be classified into traumatic and non-traumatic causes. Traumatic
causes account for 80-90% of cases, while non-traumatic causes include congenital
defects, tumors, and spontaneous leaks (Khan et al., 2022).
Traumatic Causes

1. Head Injury: Skull base fractures, particularly in the cribriform plate or

ethmoid roof, are common causes of CSF leaks. These fractures often result
from high-impact trauma, such as motor vehicle accidents, falls, or blunt force
trauma to the head. CSF leaks occur in approximately 15-30% of cases
involving skull base fractures. The leaks may be immediate (within 48 hours of
injury) or delayed, with nearly 95% of delayed leaks manifesting within the first
three months of injury. The cribriform plate and ethmoid roof are particularly
vulnerable due to the thin bone and tightly adherent dura in these regions (Qazi
etal., 2022).

latrogenic Causes: CSF leaks can occur as a complication of surgical
procedures, such as endoscopic sinus surgery (ESS), transsphenoidal pituitary
surgery, or craniofacial resection. (Aref et al.,2022) The risk of CSF leak after
ESS is approximately 0.5%, with the lateral cribriform lamella being the most
common site of injury. Other common sites include the posterior fovea
ethmoidalis, sphenoid sinus, and frontal recess. latrogenic leaks are often
identified intraoperatively or in the immediate postoperative period (Ramli,
Mohamad, & Shukri, 2022).

Non-Traumatic Causes
1. Spontaneous Leaks: These are further divided into:

o High-Pressure Leaks: Associated with elevated intracranial pressure
(ICP), often due to conditions such as benign intracranial hypertension
(BIH) or empty sella syndrome( Abd-elrazek et al.,2023).Elevated ICP
leads to thinning and erosion of the skull base, resulting in CSF leaks.
Patients with spontaneous leaks often have radiographic evidence of
skull base thinning or defects. The cribriform plate, craniopharyngeal
canal, and sella turcica are common sites of predilection for these leaks
(Georgalas et al., 2021; Rao et al., 2023).

o Normal-Pressure Leaks: Occur without elevated ICP, possibly due to
transient pressure fluctuations or congenital skull base defects. These
leaks are thought to result from physiological alterations in CSF pressure
that lead to point erosions in the skull base (Zahedi et al., 2022).

2. Congenital Defects: Congenital causes of CSF rhinorrhea include

meningoencephaloceles and persistent lateral craniopharyngeal canals
(Sternberg canal). These defects result from incomplete fusion of the skull base
during embryonic development. Meningoencephaloceles typically present in
childhood as an intranasal or extranasal mass that transilluminates and expands
with crying (Furstenberg sign) (Alromaih & Surgery, 2021).

Tumors: Benign or malignant tumors can erode the skull base, leading to CSF
leaks. Tumors may arise intranasally, intracranially, or as metastatic lesions
from other primary sites. Treatment of these tumors (surgery, radiation, or
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chemotherapy) may also contribute to the development of leaks. For example,
invasive prolactinomas can cause multiple defects in the sphenoid sinus, leading
to CSF rhinorrhea (Chadha, 2021).
Diagnosis
Clinical Presentation
Patients with CSF rhinorrhea typically present with clear, watery nasal discharge that
is often positional (worsens with leaning forward). Other symptoms may include
headaches, meningitis, or pneumocephalus. The discharge is usually unilateral and may
be intermittent, making diagnosis challenging in some cases. Patients may also report
a salty or metallic taste due to the high sodium content of CSF. In cases of traumatic
CSF leaks, there may be a history of recent head injury or surgery. Spontaneous leaks
are often associated with symptoms of elevated ICP(Abdelhameid et al.,2024), such as
chronic headaches, visual disturbances, or papilledema (Xie et al., 2022).
Confirmation of CSF Leak

1. Beta-2-Transferrin: A highly specific marker for CSF, detected in nasal
discharge. This test is considered the gold standard for confirming CSF leaks.
Beta-2-transferrin is a neuraminidase-induced isoform of transferrin that is
highly specific to CSF, perilymph, and aqueous humor. The test is highly
sensitive and specific, although false-positive results may occur in patients with
chronic liver disease or genetic variants of transferrin (Shao et al., 2021).

2. Beta-Trace Protein: Another CSF-specific protein, though less widely
available than beta-2-transferrin. Beta-trace protein is prostaglandin-D
synthase, the second most abundant protein in CSF after albumin. It is produced
primarily in the meninges and choroid plexus and can also be detected in other
body fluids, such as urine and amniotic fluid (Almela et al., 2023).

3. Glucose Testing: CSF has a high glucose concentration (>30 mg/dl), but this
test is less specific and can yield false-positive results in the presence of nasal
secretions or blood. Glucose estimation is most popular and readily available,
but it is not recommended as a confirmatory test due to its lack of specificity
and sensitivity (Kinoshita et al., 2022).

Imaging

1. High-Resolution CT (HRCT): Detects skull base defects and fractures with a
sensitivity of 88-93%. HRCT is particularly useful for identifying bony
abnormalities and planning surgical repair. Coronal CT images are especially
valuable for visualizing defects in the cribriform plate and ethmoid roof. HRCT
can also demonstrate pneumocephalus or focal fluid accumulation in the
paranasal sinuses (Ghosh et al., 2020).

2. MRI Cisternography: Provides high soft-tissue resolution and is useful for
detecting meningoencephaloceles or tumors. (Shaker et al. 2024 ). MRI is
particularly valuable for evaluating spontaneous leaks associated with elevated
ICP. Heavily T2-weighted sequences can visualize CSF flow and identify the
site of leakage (Geregele et al., 2019).

3. CT Cisternography: Involves intrathecal contrast injection to localize active
CSF leaks. This technique is highly sensitive for detecting active leaks but is
less useful for intermittent or low-flow leaks. CT cisternography is particularly
valuable for identifying leaks in the sphenoid sinus or lateral recess (Foust et
al., 2018).

Secondary Investigations

o Radionuclide Cisternography: Uses radioactive isotopes to detect CSF leaks.

This technique involves the injection of a radionuclide into the subarachnoid
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space, followed by serial scanning or scintiphotography. Nasal pledgets can also
be used to collect the tracer for analysis. The sensitivity for CSF leaks is 50—
100%, and the specificity is almost 100% (Hegde & Vamanshankar, 2020).
Intrathecal Fluorescein: Injected into the subarachnoid space to visualize CSF
leaks during endoscopy. This technique is highly sensitive but carries a risk of
complications such as seizures or allergic reactions. The use of intrathecal
fluorescein is controversial and is not approved by the U.S. Food and Drug
Administration (FDA) for this purpose (Yadav et al., 2016).

Management
Conservative Treatment

Bed Rest and Head Elevation: Reduces ICP and promotes healing. Patients
are advised to avoid activities that increase ICP, such as straining, coughing, or
sneezing.

Acetazolamide: Decreases CSF production by inhibiting carbonic anhydrase.
This medication is particularly useful in cases of elevated ICP.

Lumbar Drainage: Temporarily reduces ICP but is controversial due to risks
like pneumocephalus, meningitis, or cerebral herniation. Lumbar drains are
typically used as an adjunct to surgical repair in cases of high-flow leaks or
elevated ICP (Deora et al., 2020; Altinel et al., 2021).

Surgical Treatment

1.

2.

Endoscopic Repair: The gold standard for most CSF leaks, with success rates
of 87-100% after the first attempt. Techniques include(Abdelmaksoud et
al.,2021):

Overlay Technique: Graft placed over the defect.

Underlay Technique: Graft placed beneath the dura.

Bath Plug Technique: Fat graft used to occlude the defect.

Sinus Obliteration: Used for frontal or sphenoid sinus leaks (Wigand,
1981; Makary et al., 2020).

Intracranial Approach: Reserved for complex cases, with higher morbidity
and longer recovery. This approach involves a craniotomy to access the skull
base defect and is typically used for large defects or leaks associated with
intracranial pathology (Vyskocil et al., 2023).

Graft Materials: Autografts (e.g., nasal mucosa, fascia lata), allografts, and
xenografts are used. Vascularized flaps like the nasoseptal flap are preferred for
large defects. The choice of graft material depends on the size and location of
the defect, as well as the surgeon's preference (Snyderman et al., 2020).

O O O O

Complications

Meningitis: The most serious complication, with a risk of 10-40% in untreated
cases. Meningitis can result from the introduction of bacteria into the
intracranial space through the skull base defect (Perez-Vega et al., 2020).
Pneumocephalus: Air entering the intracranial space, often due to lumbar
drainage or Valsalva maneuvers. Pneumocephalus can cause headaches,
confusion, or neurological deficits (Livingston et al., 2020).

Recurrence: Higher in patients with elevated ICP, lateral sphenoid leaks, or
extensive skull base defects. Recurrence rates are up to 50% in spontaneous
leaks with high ICP (Hentati et al., 2023; Tai et al., 2022).
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