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1	� Introduction

Spontaneous intracranial hypotension (SIH) is a disorder of 
low cerebrospinal fluid (CSF) volume secondary to CSF 
leakage through a dural defect along the neuraxis [1, 2]. The 
estimated incidence of SIH is 5 people per 100,000 [3], but 
the true incidence is expected to be higher because it is fre-
quently misdiagnosed initially.

Patients usually present with bilateral subdural hygromas or 
subdural hematomas (SDHs) and orthostatic headache, which 
generally starts within 15 min of assuming an upright position, 
predominantly in the back of the head. This can be explained 
by the sagging of the brain secondary to the low CSF volume 
and the resulting tension on the cranial nerves and dura mater, 
which is especially tension sensitive in the posterior fossa [4]. 
Other symptoms may include nausea, vomiting, disorientation, 
memory impairment, diplopia, gait disturbance, cranial nerve 
palsies, sinus thrombosis, large-vessel strokes, and comas [5–
9]. Auditory disturbances such as ringing in the ears, or tinni-
tus—a pressure sensation in the ear—can seldom coexist, and 
some patients are initially treated for sudden hearing loss or 
suspected Ménière disease [10].

Neuroimaging techniques need to be directed toward the 
brain, to assess the consequences of CSF hypotension, and 
toward the spinal column, to localize the leakage and possibly 
guide diagnosis if a targeted treatment is pursued. The best tool 
to diagnose SIH is magnetic resonance imaging (MRI), which 
usually shows the triad of diffuse dural thickening/enhance-
ment, the downward displacement of the brain (“slumping” 
midbrain), and subdural hematomas or hygromas [11–13].

Great debate persists on the optimal treatment of this 
pathology, and clinical results are often contradictory.

Our group recently performed a systematic review and 
meta-analysis of the literature to evaluate the role of differ-
ent factors that possibly affect the efficacy of the EBP pro-
cedure, by analyzing comparative studies reporting a clear 
description of patients experiencing good and poor responses 
to EBP [14].

2	� Pathogenesis

SIH is caused by spontaneous CSF leaks from the spinal 
meningeal diverticula or dural rents along nerve sleeves [15]. 
Mechanical factors and several connective tissue disorders, 
such as Marfan syndrome, Ehlers-Danlos syndrome type 2, 
and autosomal dominant polycystic kidney disease, can 
determine dural weakness, leading to one or more CSF leaks. 
Ventral dural tears by disk herniation and CSF–venous fistu-
las are other possible underlying etiologies.

According to the Monro–Kellie doctrine, the loss of vol-
ume secondary to CSF leaks increases blood volume, ulti-
mately leading to the enlargement of dural arteries, the 
dilatation of cortical/medullary veins, and the dilatation of 
dural venous sinuses.

Conversely, the neurophysiological hypothesis arises 
from observing an abnormally low spinal epidural pressure 
in patients affected by SIH. This would act as an aspiration 
force applied to the entire dural surface, thus determining a 
CSF transdural “steal” in predisposed patients, such as those 
with connective disorders.

3	� Diagnosis

Diagnostic criteria include a CSF pressure  <  60  mm H2O 
and/or radiological evidence of a CSF leak [2]. However, 
only one-third of SIH patients have low CSF opening pres-
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sure; moreover, lumbar puncture is an invasive procedure. 
Therefore, performing MRIs on the head and the spine is 
mandatory [16]. Myelography with iodinated contrast fol-
lowed by the thin-cut computed tomography (CT) of the 
entire spine (or with gadolinium followed by MRI) has been 
shown to be the study of choice to accurately define the loca-
tion and extent of a CSF leak when it is required. The major-
ity of CSF leaks are at the cervicothoracic junction or along 
the thoracic spine. Multiple simultaneous CSF leaks can 
coexist.

4	� Therapeutic Options

SIH may be initially approached via conservative measures, 
such as bed rest often supplemented with hydration, caffeine, 
and theophylline [17], which overall relieve symptoms in a 
small subset of patients at 6 months [18].

Epidural blood patching (EBP) is generally the next con-
sideration in management. It is the most commonly per-
formed intervention for spinal CSF leaks, as the first option 
or following a failure of conservative treatment [9, 19]. EBP 
consists of the injection of a variable volume of autologous 
blood in the epidural space (ranging from 10 to 55 mL) [20, 
21], where the patient lies supine in the postprocedural set-
ting to help with epidural blood redistribution along the 
neuraxis.

There is no consensus on how to perform a blood patch 
(“loss of resistance,” fluoroscopy guided, CT guided, blood, 
or fibrin glue). Controversy exists regarding the optimal site 
of EBP delivery, which can be targeted to the site of the CSF 
leak on imaging when aiming to seal it, or it can be blindly 
delivered into the lumbar region, thus raising the pressure in 
the epidural space. To date, no prospective randomized trials 
have demonstrated the superiority of one technique over the 

other. IN more detail, Yoon et  al. and Choi et  al. [22, 23] 
compared the results of blind and targeted EBP in responders 
and nonresponders: however, significant differences between 
the two groups have not been demonstrated. Some other 
authors have reported better results following targeted EBP 
when comparing results with those of nontargeted patching 
[23, 24], but this finding was not confirmed by our recently 
performed meta-analysis on this topic. Apart from the cho-
sen technique, the ideal volume of injected blood is still a 
matter of debate. Higher volumes are correlated with better 
therapeutic outcomes [21].

The response rate to initial EBP significantly varies 
among investigations, ranging from 36% to 90% [5, 9, 25]. A 
patient is generally defined as a good responder if a persis-
tent reduction in a VAS score of at least 50% for at least 
6 months is achieved within 48 hours of the EBP [20].

Further procedures may be performed in the case of a 
partial or temporary response to EBP and if the spinal 
CSF leak has been definitively localized [26]. In those 
cases, if the CSF leak is well localized, the surgical clo-
sure of the spinal CSF leak may be considered. Surgical 
procedures may include clipping the leaking root sleeve 
(for leaks associated with nerve root sleeve diverticula), 
epidural packing, or primary dural repair, which may 
prove technically challenging if the leak is ventrally 
located [10].

Lateral meningeal diverticulae at the nerve root, CSF–
venous fistulas, and laterally and ventrally located dural tears 
can be reached through a dorsal approach and closed safely 
and with minimal invasiveness through an interlaminar fen-
estration or a hemilaminectomy [10, 26]. Ventral dural tears 
require a transdural approach that detaches the denticulate 
ligaments so that the spinal cord can be mobilized under 
intraoperative neuromonitoring.

A therapeutic algorithm is schematized in Fig. 1.
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5	� Conclusion

SIH is a complex but treatable CSF disorder. Despite recent 
advances in the field of neuroimaging and the various thera-
peutic options available, the most-appropriate management 
remains controversial and should be tailored to the patient.
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