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AbstrAct
Spontaneous intracranial hypotension (SIH) is a 
highly disabling but treatable secondary cause of 
headache. Recent progress in neuroradiological 
techniques has catalysed understanding of its 
pathophysiological basis and clinical diagnosis, 
and facilitated the development of more 
effective investigation and treatment methods. 
A UK- based specialist interest group recently 
produced the first multidisciplinary consensus 
guideline for the diagnosis and treatment of SIH. 
Here, we summarise a practical approach to its 
clinical and radiological diagnosis, symptomatic 
and non- targeted interventional treatment, 
radiological identification of leak site and 
targeted treatment of the leak once it has been 
localised.

IntroductIon
Spontaneous intracranial hypoten-
sion (SIH) is a clinical and radiological 
syndrome caused by spinal leakage of cere-
brospinal fluid (CSF) due to a dural tear, 
leaking meningeal diverticulum or CSF 
venous fistula. Its estimated incidence in 
the USA is 3.8 per 100 000 population per 
year,1 2 which translates approximately to 
2500 new cases of SIH per year in the UK.

Patients with SIH can present to various 
healthcare settings including to general 
practice (GP) or neurology clinics with 
chronic daily headache, or to emergency 
department with complications such as 
subdural haematoma or cerebral venous 
sinus thrombosis. SIH is almost always 
treatable, but its optimal management 
requires coordinated multidisciplinary 
care between multiple clinical specialties.

A survey of patients with SIH in the UK 
showed that diagnostic delay and misdi-
agnosis are common.3 Patients presented 
to their GP a median of three times before 
being referred to a neurologist. In 45% of 
patients, the first neurologist they saw did 
not make the diagnosis, and the median 
time from symptom onset to diagnosis 
was 2 months. Investigations and treat-
ments are also often delayed, meaning 
that only one- third of patients received 

treatment within 12 weeks of seeing a 
neurologist.3 A survey of UK healthcare 
professionals identified a lack of aware-
ness of SIH among non- specialists, vari-
ability in management pathways and 
difficulty accessing investigations such 
as myelography and treatments such as 
epidural blood patches.4

Guidelines for the diagnosis and 
management of SIH have recently been 
published by a multidisciplinary group 
of neurologists, neuroradiologists, 
neurosurgeons, anaesthetists and patient 
representatives,5 with input from interna-
tional experts and UK- based professional 
bodies. The guideline addresses the most 
important steps in the patient pathway, 
including clinical diagnosis, radiological 
diagnosis, identification of the spinal CSF 
leak site, non- targeted and targeted treat-
ment, symptomatic management, manage-
ment of complications and follow- up.

This article summarises a practical 
approach to the diagnosis and treatment 
of SIH, based on the recommendations in 
the guideline.

clinical diagnosis
SIH most commonly presents with ortho-
static headache (ie, headache that begins 
or significantly worsens on becoming 
upright and improves soon after lying 
flat). Orthostatic headache occurs in 
approximately 92% of cases of SIH.6 
The time of headache onset on becoming 
upright can be anywhere from imme-
diate to many hours later (‘second- half- 
of- the- day headache’),7 8 but the timing 
is usually consistent for any one patient. 
The headache usually improves within 
30 min of lying flat. A minority of patients 
with radiological findings of SIH have 
either a non- orthostatic headache (5%) 
or no headache (3%).6 The orthostatic 
quality of the headache can attenuate over 
time,9 and therefore if seeing a patient 
months or years after the headache onset, 
it is important to enquire retrospectively 
about the headache quality soon after 
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onset. Sometimes, SIH can begin with a thunderclap 
headache.10

SIH may lead to a large number of other symp-
toms, including vertigo, muffled hearing, hypoacusis, 
tinnitus, nausea/vomiting, photophobia, posterior neck 
pain, fatigue and cognitive impairment (commonly 
non- specific concentration difficulties, but rarely a 
behavioural variant frontotemporal dementia- like 
syndrome due to brain sagging) (see table 1).6 11 Rarely, 
SIH may present for the first time with a complication 
such as subdural haematoma, superficial siderosis or 
venous sinus thrombosis.11 12

Orthostatic headache has several differential diag-
noses (see table 2). Post- dural puncture headache and 
headache following post- surgical or post- traumatic 
spinal CSF leak give similar symptoms; however, in 
these situations, the site of intervention, and therefore 
site of spinal CSF leak, is known, unlike SIH, where 
the site of spinal CSF leak is unknown at the time 
of initial presentation. Therefore, in a patient with 
suspected SIH, it is important to enquire about any 
history of lumbar puncture, epidural or spinal anaes-
thesia, or of spinal surgery.

Orthostatic headache is present in some patients 
with postural tachycardia syndrome or orthostatic 
hypotension, sometimes as the predominant symptom 
of orthostatic intolerance. These diagnoses should be 

considered in cases with normal imaging; they can be 
screened for using an active stand test and confirmed 
by autonomic testing.

Orthostatic headache can also be confused with 
motion sensitivity in migraine, and position- related 
headache in cervicogenic headache, so it is important 
to confirm that the headache relates to the upright 
position, rather than to motion or neck position.

radiological diagnosis of sIH
MR scan of brain should be performed as the first- 
line investigation of SIH and is essential to confirm 
the diagnosis. MR scan features of SIH include diffuse 
pachymeningeal enhancement, engorgement of venous 
sinuses, pituitary enlargement, brain sagging (effaced 
suprasellar and prepontine cisterns and reduced 
mamillopontine distance) and subdural hygroma/
haematoma (see figure 1).13 Ideally, the MR scan of 
brain should be performed with gadolinium contrast; 
however, if that is not possible, neuroradiologists can 
often identify diffuse pachymeningeal thickening and 
hyperintensity on non- contrast fluid- attenuated inver-
sion recovery sequences.14 As many as 20% of cases of 
SIH have normal brain MRI, and so normal imaging 
does not exclude the diagnosis.6

Whole- spine MRI rarely helps to identify the site of 
spinal CSF leakage. It is, however, useful to identify 
the presence or absence of a spinal longitudinal extra-
dural CSF collection, which indicates the likely under-
lying cause of the CSF leak and guides the strategy for 
myelography if the patient does not respond to first- 
line treatment.

csF pressure measurement
Low CSF pressure (<6 cm CSF) is included in Interna-
tional Headache Society diagnostic criteria for head-
ache due to SIH.15 However, only one- third of patients 
with imaging- confirmed SIH have a CSF opening 
pressure of ≤6 cm CSF.16 Therefore, lumbar puncture 
should not be performed solely to check opening pres-
sure, particularly as lumbar puncture involves dural 
puncture and may complicate the situation. Lumbar 
puncture may be performed for other purposes (eg, 
to exclude other causes of pachymeningeal thickening/
enhancement), in which case, the opening CSF pres-
sure should be measured, and finding a low pressure 
supports the diagnosis of SIH.

Invasive intraparenchymal intracranial pressure 
monitoring is occasionally used in patients with 
suspected SIH in specialist centres, but its sensitivity 
and specificity are not known, and are not recom-
mended in the standard patient pathway.

‘conservative’ and symptomatic management
The literature suggests that symptoms resolve with 
conservative treatment alone in 28% of patients with 
SIH. This usually comprises bed rest, hydration and/
or caffeine administration.6 It is not recommended 

Table 1 Symptoms of SIH

Symptom Proportion*

Headache 97%
 ► Orthostatic 92%
 ► Non- orthostatic 8%
 ► Occipital 33%
 ► Diffuse/holocranial 30%
 ► Frontal 21%
 ► Frontal and occipital 11%
 ► Temporal 8%

Nausea/vomiting 54%
Neck pain/stiffness 43%
Hearing disturbance 28%
Dizziness 27%
Tinnitus 20%
Vertigo 17%
Reduced level of consciousness† 15%
Back pain 14%
Photophobia 11%
Movement disorders‡ 10%
Cognitive symptoms 6%
Diplopia 6%
*Pooled estimates of proportions adapted from meta- analysis by 
D’Antona et al.6

†Likely over- represented by published reports of highly disabled patients.
‡Including gait disorders, ataxia, tremor, bradykinesia or poor balance.
§Most commonly non- specific concentration or word- finding difficulties.
SIH, spontaneous intracranial hypotension.
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delaying epidural blood patch treatment with conser-
vative management for any longer than 2 weeks from 
symptom onset5 for three reasons: 72% of patients do 
not respond to symptom management alone; symp-
toms can improve without radiological resolution of 
the leak (which remains associated with long- term 

risks such as superficial siderosis) and early treatment 
of SIH gives greater likelihood of treatment response.17

Bed rest is usually the main factor that relieves 
patients’ symptoms and should be encouraged where 
possible while waiting for spontaneous resolution, 
or for specific investigation and treatments to be 
performed.

Other approaches, which are safe but have unknown 
benefits, include encouraging good hydration, avoiding 
Valsalva manoeuvres (such as coughing, straining or 
heavy lifting) and using an abdominal binder.

Pharmacological treatment of orthostatic headache 
and other symptoms of SIH is rarely effective, and 
management should focus on diagnosis and treatment 
of the underlying spinal CSF leak. Analgesics such as 
paracetamol and/or non- steroidal anti- inflammatory 
drugs may be trialled, and occasionally, opioid medi-
cation is required, but their routine use should be 
avoided. Anti- emetics may be required for symptom-
atic management of nausea and vomiting.

Oral or intravenous caffeine may be used as part of 
symptomatic management of SIH, but its use should 
not delay the diagnosis and treatment of the under-
lying spinal CSF leak. Although there is no evidence 
for caffeine specifically in SIH, there is evidence in 
post- dural puncture headache.18

Epidural blood patches
Non- targeted epidural blood patch is the most 
common first- line intervention for SIH and should 
be offered to all patients within 2 weeks of symptom 
onset. An estimated 64% of patients respond to the 
first non- targeted epidural blood patch.6

In practice, in most UK hospitals, obstetric anaes-
thetists have the expertise to perform blood patches, 
given their experience in performing these for post- 
dural puncture headache. Neuroradiologists may also 
perform non- targeted epidural blood patches in neuro-
science centres using fluoroscopy or CT scan guidance.

The main difference between the headache of SIH 
and post- dural puncture headache is that in SIH, the 
site of CSF leak is unknown, and so requires a higher 
volume of blood. The evidence suggests that using 
over 20 mL of blood is more effective,19 20 and guide-
lines recommend giving 20–40 mL, as tolerated by the 
patient.5 Non- targeted epidural blood patch for SIH 
can be performed at a single (lumbar) level or divided 
between two levels (lumbar and thoracic); the blood 
spreads throughout the entire epidural space and so 
can successfully treat spinal CSF leaks even if they are 
in the cervical region.21

Patients undergoing a non- targeted epidural blood 
patch should be informed of its potential risks and 
complications and advised to seek urgent medical 
attention if they develop any new symptoms. Common 
adverse effects include back pain, radicular irritation 
and post- treatment rebound headache. Serious adverse 
events are extremely rare, but include infection, 

Figure 1 MR brain scan signs of SIH. (A) Coronal FLAIR 
sequence showing bilateral subdural collections. (B) Axial T1 
post- contrast sequence showing generalised smooth dural 
enhancement. (C) Sagittal T2 of the cervical spine showing 
spinal longitudinal epidural collection. (D) Sagittal T2 SPACE 
sequence showing brain sagging and distension of venous 
sinuses. (E) Three- dimensional (3D) axial T2 CUBE (heavily 
T2- weighted 3D sequence) of the upper cervical spine in the 
same patient as image C showing ventral epidural collection. 
FLAIR, fluid- attenuated inversion recovery; SIH, spontaneous 
intracranial hypotension.

Figure 2 CSF leak and CSF venous fistula identified using 
CT myelography. Axial (A) and sagittal (B) sections from a 
hyperfast dynamic CT myelogram show an upper thoracic 
ventral leak. There is a jet of contrast extravasation at the 
intervertebral space (orange arrows). In a different patient (C), 
a lateral decubitus dynamic CT myelogram depicts a right- sided 
CSF venous fistula (blue arrow). Contrast extends from a root 
sleeve diverticulum into a right paraspinal segmental vein, and 
subsequently into the azygos vein (which in this case, lies in an 
azygos fissure). CSF, cerebrospinal fluid.
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accidental dural puncture, cauda equina syndrome, 
spinal cord compression, neuropathic radicular symp-
toms and arachnoiditis.

Following non- targeted epidural blood patches, 
patients should be monitored as an inpatient for 
complications, for at least 2 hours, either supine or 
in the Trendelenburg position (to aid the cranial 
movement of blood in the epidural space), and they 
should be clinically reviewed before discharge. After 
discharge, they should be advised to lie flat for as much 
as possible for the next 24–72 hours, and to avoid 
Valsalva manoeuvres for the next 4–6 weeks. Patients 
should be followed up in approximately 2 weeks in 
order to assess the response and need for further inter-
vention. If there is no response to a first non- targeted 
epidural blood patch, then it may be repeated 2–4 
weeks later.5

After successful treatment of SIH, some patients 
develop a rebound headache, which often has a 
reverse orthostatic quality (ie, worse on lying flat and 
improved on being upright) suggesting intracranial 
hypertension. Usually, there are no objective signs of 
intracranial hypertension (such as papilloedema) and 
the headache is self- limiting, but occasionally clini-
cians use medications such as acetazolamide.

radiological identification of spinal csF leak site
Investigations to identify the specific leak site are inva-
sive and usually reserved for the minority of patients 

who do not respond to at least one non- targeted 
epidural blood patch.

Contrast- enhanced myelography with either 
dynamic CT myelography or digital subtraction 
myelography is the optimal investigation to identify 
the site of spinal CSF leak or CSF venous fistula in 
order to plan targeted treatment.

The choice of myelographic technique depends 
on the presence or absence of a spinal longitudinal 
epidural collection. Finding such a collection suggests 
a leak from a dural tear allowing CSF to escape rapidly 
into the epidural space. Often, this is ventral and 
caused by a discogenic microspur, and images need 
to be taken immediately following contrast injection 
or otherwise may miss the point of CSF egress. This 
requires hyperfast CT myelography or digital subtrac-
tion myelography (see figures 2 and 3). Positioning of 
the patient for the first set of images should depend 
on the distribution of the spinal longitudinal epidural 
collection (ie, prone for a ventral collection). Dural 
tears can also occur dorsal to and lateral to the spine.

If there is no spinal longitudinal epidural collection, 
then a CSF venous fistula is the most likely cause. This is 
an abnormal connection between the spinal subarach-
noid space and a paraspinal vein (or network of veins), 
which causes loss of CSF directly into the venous 
system. CSF venous fistulas are most commonly found 
in the lower thoracic region, but can also occur in 
cervical and lumbar regions.22 They usually arise from 
the nerve root sleeve at the site of a meningeal diver-
ticulum and are most easily identified when myelog-
raphy is performed in the lateral decubitus position 
on the side of the CSF venous fistula (see figures 2 
and 3). Therefore, if there is no spinal longitudinal 
epidural collection, the patient should then undergo 
a lateral decubitus CT myelogram or lateral decubitus 
digital subtraction myelogram (on both sides). There 
are no studies comparing CT myelography with digital 
subtraction myelography, so the technique with which 
the operator has more experience should usually be 
used first.

Conventional myelography—where images are taken 
several minutes after injecting contrast—is unlikely to 
identify the leak site. Dynamic CT myelography and 
digital subtraction myelography are best performed 
by experienced neuroradiologists in a high- volume 
specialist centre.

MR myelography with off- label intrathecal injec-
tion of gadolinium myelography is occasionally used 
but lacks temporal resolution and so is not routinely 
recommended.

targeted treatments
Having identified the site of leak, targeted treatment 
can be performed, with a high chance of successfully 
treating the underlying CSF leak or CSF venous fistula. 
A dural tear may be treated either with image- guided 
targeted blood and/or fibrin glue patching or with 

Figure 3 CSF leak and CSF venous fistula identified using 
digital subtraction myelography. Left T12 CSF venous fistula 
(A) shown on digital subtraction myelography with the patient 
in the left lateral decubitus position. Mid- thoracic ventral 
CSF leak (B) shown on prone digital subtraction myelography 
in a different patient. Acknowledgement for image A: Dr 
Patrick J Nicholson, Beaumont Hospital, Dublin, Ireland. 
Acknowledgement for image B: Dr Vikram Wadhwa, Cedars 
Sinai Medical Center, Los Angeles, USA. CSF, cerebrospinal 
fluid.
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surgery. A CSF venous fistula may be treated either 
with transvenous embolisation, targeted blood and/or 
fibrin glue patching, or surgery. The choice of treat-
ment depends on technical aspects, operator experi-
ence and patient preference. Thus, targeted treatments 
are best performed in a specialist centre, where each of 
the above treatments is available and there is a multi-
disciplinary meeting to discuss benefits and risks of 
each treatment option. Figure 4 shows examples of 
CSF venous fistula and ventral dural defect as seen 
during surgery.

MrI-negative patients
Up to 20% of patients with presumed SIH have normal 
neuroimaging.6 However, it is rare to find a CSF leak 
or CSF venous fistula in patients with normal imaging 
using current myelographic techniques.23 24

In a patient with a clinical diagnosis of SIH but 
normal MRI of brain and spine, it is important to 
confirm with a neuroradiologist that neuroimaging 
is in fact normal. General radiologists have limited 
exposure and confidence in interpreting imaging for 
suspected SIH,4 and in some patients with SIH, the 

MR brain scan is initially reported as normal but retro-
spectively recognised as having features of SIH.3

It is also important to reconsider differential diag-
noses such as postural tachycardia syndrome, migraine 
and cervicogenic headache.

If imaging is truly negative, but there is still a high 
clinical suspicion of SIH, then guidelines suggest that 
the patient should be referred to a specialist centre 
for multidisciplinary team discussion and further 
management.5

complications of sIH
There are several recognised complications of SIH, 
including subdural haematoma/hygroma, cerebral 
venous sinus thrombosis, superficial siderosis, bibra-
chial amyotrophy, syringomyelia secondary to pseudo- 
Chiari malformation, frontotemporal dementia- like 
syndrome due to brain sagging and coma.

Subdural collections in SIH probably arise from 
traction- related shearing of bridging veins due to 
brain sagging. They are usually bilateral, associated 
with typical SIH symptoms and develop without any 
other risk factors for subdural haematoma. Since the 
underlying mechanism is intracranial hypotension, the 
management should be targeted at the underlying leak. 
Drainage of the haematoma is not usually required, 
and if necessary, it will likely recur if the spinal CSF 
leak is not treated.

Cerebral venous sinus thrombosis in SIH most likely 
results from venous stasis caused by venous engorge-
ment and turbulent flow from traction on venous 
structures. Patients require anticoagulation alongside 
treatment of the spinal CSF leak.25

Superficial siderosis is a late complication of 
untreated SIH. For this reason, imaging of patients 
with SIH should include blood- sensitive sequences 
such as susceptibility- weighted imaging or gradient 
echo sequences. In one study, no patients had devel-
oped either superficial siderosis or bibrachial amyot-
rophy within 4 years of follow- up, but the rate was 
approximately 10% after 8 years, 33% after 12 years 
and 58% after 16 years.26 Again, the management 
should focus on treatment of the spinal CSF leak.

Occasional patients are found incidentally to have 
radiographic evidence of SIH without typical clinical 
features. Such patients should be offered treatment 
and radiological follow- up in light of the long- term 
risk of irreversible superficial siderosis.

Management pathways
Guidelines recommend that patients with suspected 
SIH should be referred urgently to their local neurol-
ogist within 2–4 weeks, unless the patient cannot look 
after themself or has had a rapid clinical deterioration 
or developed serious complications, in which case they 
require emergency assessment.5

Patients who do not respond to initial treatment with 
conservative management and non- targeted epidural 

Figure 4 Surgical images of CSF venous fistula as visualised 
from paraspinal approach at time of surgery (A). Ventral dural 
defect seen during surgery (B) and repaired using clips (C). CSF, 
cerebrospinal fluid; DRG, dorsal root ganglion.
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blood patch(es) should be referred to a specialist centre 
where there is a multidisciplinary meeting and expertise 
to perform contrast- enhanced myelography, targeted 
patching and/or transvenous embolisation, and surgery.

Follow-up
All patients receiving intervention should be followed 
up within 48 hours to exclude early complications. As 
patients are advised to lie flat as much as possible for the 
first 1–3 days, although they may describe rebound head-
ache and procedure- related localised discomfort in the 
back, it is not possible to assess treatment response reli-
ably at this stage after patching. Following epidural blood 
patches, which have an approximately two- thirds chance 

of success, guidelines therefore recommend follow- up 
after 10–14 days, and moving on to the next stage in 
management pathway if there is a lack of response. 
Following targeted treatment, which has a high chance of 
success, guidelines recommend follow- up at 3–6 weeks. At 
clinical follow- up, we assess: the time to headache onset 
after becoming upright, peak headache severity, severity 
of non- headache symptoms, time able to spend upright 
before needing to lie down and cumulative hours able to 
spend upright per day.

Patients with prolonged symptoms of SIH have usually 
had long periods of bed rest, which may have led to decon-
ditioning and persistence of orthostatic intolerance. These 

Figure 5 Management algorithm. Adapted from recent multidisciplinary consensus guidelines.5 CSF, cerebrospinal fluid; CTM, CT 
myelography; CVF, CSF venous fistula; DSM, digital subtraction myelography; EBP, epidural blood patch; LD- CTM, lateral decubitus 
CT myelography; LD- DSM, lateral decubitus digital subtraction myelography; MDT, multidisciplinary team; SIH, spontaneous 
intracranial hypotension; SLEC, spinal longitudinal extradural CSF collection; UFCTM, ultrafast CT myelography.
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symptoms should also be assessed at follow- up and may 
require rehabilitation addressing skeletal muscle decon-
ditioning and autonomic postural responses.

Following an improvement/resolution of symp-
toms of SIH after intervention, we recommend radio-
logical follow- up with MRI, as it is not uncommon 
for symptoms to improve in absence of radiological 
improvement, implying an ongoing spinal CSF leak 
and associated risk of complications such as superficial 
siderosis.

conclusIon
SIH is a highly disabling, but treatable secondary 
cause of headache. It is diagnosed clinically based 
on orthostatic headache and associated symptoms, 
and radiologically using MR scan of brain with 
contrast. First- line treatment is with a high- volume 
non- targeted epidural blood patch. If there is no 
response to non- targeted epidural blood patch(es), 
the site and cause of spinal CSF leak site should be 
sought using dynamic CT myelography or digital 
subtraction myelography, in order to perform 
targeted treatment with surgery, targeted patching 
or transvenous embolisation. Figure 5 shows a 
management algorithm, adapted from recent 
consensus guidelines.5
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