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Abstract Idiopathic intracranial hypertension is consis-

tently associated with venous outflow disturbances. Sinus

venous stenosis are found at magnetic resonance venog-

raphy in the large majority of IIH patients and may have

various conformations, ranging from functional smooth

narrowings of sinus segments associated or not with defi-

nite flow gaps, to segmental hypoplasia or aplasia of one or

more central venous collectors. Stenosis are currently

believed to be a consequence of a primary altered cere-

brospinal fluid (CSF) pressure since it may normalize after

CSF subtraction with lumbar puncture or shunting proce-

dures. In this paper a ‘‘self-sustained venous collapse’’ is

proposed as a crucial causative mechanism in predisposed

subjects, leading to a self-sustained intracranial hyperten-

sion in presence of a wide range of triggering factors. The

proposed mechanisms predict the long-term remission of

IIH syndromes frequently observed after a single or few

serial CSF subtractions by lumbar puncture.
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Idiopathic intracranial hypertension

Idiopathic intracranial hypertension (IIH) [1] is an infre-

quent and enigmatic condition almost always encountered

in overweight or obese women of childbearing age. IIH is

characterized by headache, often on a daily basis, papil-

ledema, transient visual obscurations, diplopia, vertigo and

tinnitus. Symptoms arise from a hypertensive intracranial

status which is not associated with any detectable cause.

The prognosis is generally good but up to 25% of patients

may develop permanent visual deficit secondary to optical

nerve atrophy [2].

IIH diagnosis requires the demonstration of an intra-

cranial hypertensive status not associated with cerebrospi-

nal fluid (CSF) abnormalities or with any other detectable

intracranial pathology [1]. Differential diagnosis with

cerebral venous thrombosis (CVT) may be challenging

since an isolated intracranial hypertension may be the only

presenting sign in about 1/3 of CVT cases [3] and a CVT

has been found in 11.4% of patients who were presumed to

have IIH [4]. A secondary form of IIH may also be sus-

tained by exposition to a number of drugs (minocycline and

tetracycline, growth hormone, steroids and vitamin A,

among others) [5]. IIH has been associated with menstrual

irregularities [6, 7], oral contraceptives use [7], hyperthy-

roidism [8], acquired or congenital prothrombotic states

[6], systemic lupus erythematosus [9, 10], uraemia [11],

hypothyroidism [12], sleep disturbances including

obstructive sleep apnoea syndrome (OSAS) [13], extra-

cranial venous hypertension secondary to cardiac septal

defect [14], and iron deficit anaemia [15]. Although IIH

may present at any age and is not infrequent in children

[16], female sex and obesity are major risk factors for IIH

development [6, 17, 18]. Incidence of IIH is about 1 per

100,000 in the general population. In female sex the
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incidence increase with body mass index (BMI) [19, 20]

and rise to about 14/100,000 among childbearing aged

women with at least a 10% overweight and to about 19/

100,000 in those with at least a 20% increase of ideal

weight. The F/M ratio in this series was 8:1 [19]. Men with

idiopathic intracranial hypertension (IIH) are twice as

likely as women to develop severe visual loss [21]. IIH

may run with a chronic or with a periodic recurrent course

[6, 22]. Recurrences may follow weight gain and have been

described in pregnancy [23].

Idiopathic intracranial hypertension without

papilledema

IIH may run without papilledema (IIHWOP) in a part of

the patients [24, 25]. IIHWOP may mimic chronic tension

type headache [26] or may be indistinguishable from

transformed migraine on clinical basis [27, 28]. Conse-

quently, it is found in 10% [29] to 14% [27] of chronic

headache sufferers series. Available literature evidences

suggest that IIHWOP could represent a possible, largely

underestimated, risk factor for migraine progression [30].

IIHWOP prevalence in general population is not known.

Reported opening pressure (OP) values in IIHWOP are

lower than in IIH [31] indicating that papilledema may lack

in cases with milder or, possibly, with fluctuating [32] CSF

pressure increases. IIH may run without headache in non-

migrainous individuals or in course of a strong migraine

protective factor as pregnancy [33] suggesting that a

chronic migraine-like presentation of IIHWOP may require

a migrainous background. Taken together the above con-

siderations suggest that in non-migrainous individuals

IIHWOP may run without any symptom or sign suggestive

of raised intracranial pressure. This gives rise to the

hypothesis that IIHWOP may be much more prevalent than

believed in general population and that cases presenting

with papilledema or other intracranial hypertensive symp-

toms or signs may represent only the top of the iceberg.

Findings of a well conducted recent study strongly sup-

port the hypothesis of a largely underestimated IIHWOP

prevalence in general population. A strict association

between bilateral transverse sinus stenosis and OP

[200 mmH2O has been found in a series of 217 patients

presenting neurological symptoms not reminiscent of

intracranial hypertension (papilledema, visual symptoms,

double vision, tinnitus and ‘‘persistent daily headache’’ were

among the exclusion criteria). A bilateral transverse sinus

stenosis (BTSS) at MRV was found in 50 subjects (23.0%).

This subgroup showed a significantly higher mean OP

(191.8 mmH2O, ±52.3, range 91–286) than unilateral

stenosis subgroup (n = 47; mean OP = 147.1 mmH2O ±

34.6, range 78–195) or normal MRV subgroup (n = 120;

mean OP = 132.3 mmH2O ± 38.0, range 65–195). An

opening pressure [200 mmH2O (up to 286 mmH2O) was

recorded in 24 of the 50 BTSS carriers (11.1% of the sam-

ple). In contrast, all patients showing unilateral stenosis or

normal MRV had a CSF opening pressure \200 mmH2O

[34]. Thus, in this large series of neurological patients

without intracranial hypertensive symptoms or signs the

IIHWOP prevalence was 11%.

Treatment options

Acetazolamide and topiramate share a carbonic anhydrase

isoenzyme inhibition [35]. According with a recent trial,

both drugs are effective in IIH management probably

because of the reduction of CSF production rate [36].

Corticosteroids are highly effective in relieving IIH

symptoms but the condition is sometimes precipitated by

their withdrawal [37]. Intravenous administration of indo-

methacin has determined an intracranial pressure lowering

effect both in IIH [38] and in intracranial hypertension

following head trauma [39] but the efficacy of long-term

IIH treatment with indomethacin is not known. According

to a recent metanalysis, bariatric surgery (mainly Roux-en-

Y gastric bypass) may be an effective treatment for IIH in

obese patients, both in terms of symptoms resolution and

visual outcome [40]. Shunting procedures [41] or optical

nerve fenestration [42] are required in the minority of cases

at risk for permanent visual defects. Still, repeated or even

single CSF subtractions with lumbar puncture are not

infrequently followed by longstanding remissions of IIH

symptoms and signs [43–45]. Although not generally

accepted [46], we believe that the long-term efficacy of a

single or a few serial 20 ml CSF removal by LP should

always be tested in IIH patients not responding to medical

treatments, before planning any more invasive procedure.

Physiopathology

Despite the number of pathogenetic theories that have been

proposed, the cause of IIH is still unknown. Basic mech-

anisms that could explain a sustained intracranial hyper-

tensive state in otherwise healthy subjects include:

(1) increased CSF production rate, (2) cerebral oedema and

(3) reduced CSF absorption.

1. Increase of CSF production rate A dramatic increase of

CSF production rate has been documented in presence

of choroidal plexus papilloma but this condition is

associated with hydrocephalus rather than IIH [47]. An

increased CSF production has been suspected in IIH

cases associated with high oestrone levels [48] hyper-

vitaminosis [49] but evidences that such a mechanism is

of relevance in IIH are lacking [50].
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2. Cerebral oedema The hypothesis of a cryptogenetic

cerebral swelling [51] has been convincingly ruled out

by a more recent, well-designed study [52].

3. Reduced CSF absorption A CSF absorption impair-

ment is currently considered the main pathogenetic

mechanism of IIH. It may be the consequence of a

structural impairment of arachnoids villi [48] but a

reduced CSF absorption is the mechanism leading to

CSF pressure rising in the course of intracranial

venous hypertension, whatever its cause [53]. CSF

outflow rate into the venous compartment, in fact,

largely depends on transmural pressure gradient [54].

Thus, it will be reduced by any condition leading to an

increase of intracranial venous pressure. Most of

neurologists have direct experience of the strict

relation existing between CSF and intracranial venous

pressures. A short bilateral jugular compression while

monitoring the CSF pressure during a lumbar puncture,

the so called Queckenstedt’s manoeuvre [55], is

expected to immediately increase CSF pressure. If no

changes are observed, the occlusion of spinal sub-

arachnoid spaces communications is to be suspected.

Thus, a central venous hypertension is expected in every

condition leading to a significant intracranial venous out-

flow resistance, including functional, malformative or

thrombotic narrowing or occlusion of large cerebral venous

collectors.

The role of central venous stenosis in IIH pathogenesis

Stenosis of large intracranial venous sinuses can be found

in magnetic resonance venography (MRV) in almost all

affected subjects and are considered a reliable radiologic

marker of intracranial hypertension, with a high specificity

(93%) and sensitivity (93%) [56]. Stenosis may have var-

ious conformations. Smooth narrowing of a sinus segment

associated or not with definite flow gaps are the most fre-

quent, but segmental hypoplasia or aplasia of one or more

central venous collectors, sometimes extended to a whole

transverse sinus, can be not infrequently found. Significant

TS calibre asymmetries can be sometimes followed along

the jugular veins of the same side.

Whatever their appearance, there is evidence [57] of a

venous pressure gradient across the stenosis with a poten-

tial effect in raising the cerebrospinal fluid (CSF) pressure

[53]. Conversely, the venous pressure gradient may nor-

malize soon after suboccipital CSF subtraction [57] and the

stenosis may reduce or resolve after a single 20 ml CSF

subtraction with lumbar puncture [43–45] or after contin-

uous CSF diversion procedures such as lumbo-peritoneal

shunt [58, 59]. These findings suggest that venous flow

disturbances in IIH are most probably the effect of CSF

hypertension, not its cause [60–62]. However, mounting

evidences [46, 63–66] indicate that the placing of a self-

expanding stent at the venous stenosis level is consistently

followed by the immediate and longstanding resolution of

IIH symptoms.

Thus, on one hand, an acute CSF volume reduction by

LP or continuous CSF diversion may reduce the stenosis

degree and the related pressure gradient. On the other hand,

the stenting of segmental venous narrowing at transverse

sinus level may revert the CSF hypertensive status. Taken

together, these findings indicate that in IIH patients sinus

venous stenosis and CSF hypertension may influence each

other in a circular way whose starting point may only

arbitrarily be indicated.

Sinus venous stenosis as a causative factor

in IIH pathogenesis

Since the CSF pressure is higher than central venous

pressure (at least in clinostatic position), any central vein

not sufficiently rigid would be compressed as a conse-

quence of transmural pressure gradient. Therefore, in

subjects harbouring one ore more collapsible segments of

central veins and exposed to an unknown CSF rising factor,

the subsequent segmental venous narrowing and the related

further CSF pressure rising may engage a positive feedback

loop. This loop is presumably self-limiting: once the

maximum stretching of the venous wall is reached, in fact,

no further venous narrowing could parallel CSF pressure

rising, leading to a relatively stable new balance at higher

values of CSF and venous blood pressures [43]. This means

that the new high pressures balance may be self-sustained,

i.e. not susceptible to spontaneous reversing even after the

cessation of the primary triggering factor, leading to a

longstanding clinical syndrome. Cases presenting with a

periodic pattern may reflect a spontaneous shift between

the two balance states in individuals with less compliant

venous walls, associated or not to other venous outflow

obstacles.

The hypothesis of a causative ‘‘self-limiting venous

collapse’’ predicts the longstanding normalization of

venous and CSF outflow dynamics observed during CSF

draining [67] or, at least in a part of the cases, even after a

single (or a few serial) LP [43]. In fact, according with the

Monro–Kellie hypothesis [68] the removal of CSF by LP is

compensated by the enlargement of cerebral venous calibre

that, in turn, reduces sinus venous hypertension enhancing

CSF outflow and promoting a further venous enlarging.

The findings of an interesting manometric/angiographic

combined study on nine IIH patients confirm that venous

and CSF pressures are strictly coupled in IIH patients and

that during CSF drainage both pressures decrease, probably

until normalization of venous pressure gradient at the
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stenosis level. Then only CSF pressure further decreases,

while venous pressure remains constant [67].

The hypothesis of a causative role of a ‘‘self-limiting

venous collapse’’ that we proposed on the basis of clinical

observations [4] is supported by a series of independent

and almost simultaneous mathematic modelling studies

[69, 70]. In subjects carrying one or more collapsible

segment of large central venous collectors, the proposed

mechanism may account at least for the maintenance of a

hypertensive intracranial status induced by a different

cause. Moreover, it can explain the long-term efficacy not

infrequently observed after a single or serial LP. The self-

limiting property of the mechanism could also explain

prognostic differences between ‘‘benign’’ intracranial

hypertension and CVT, a disease with up to 8.3% of

mortality and about 35% of permanent residual neurolog-

ical symptoms [71], in which the venous hypertension is

sustained by an intrinsic obstruction of venous flow, a

mechanism lacking any self-limiting propriety.

It is noteworthy that in some IIH patients the venous flow

abnormalities may reflect a congenital hypoplasia of central

veins segments [72] or the presence of endoluminal

obstructions caused by giant Pacchioni granulations [73,

74]. A minor central venous calibre variation, either com-

pression or dilatation [75], may be physiologic. It has been

proposed that the dural venous sinuses could act as a vol-

ume–pressure reservoir to accommodate the physiologic

and spontaneous changes of CSF volume and pressure [59].

A low-range collapsibility of sinus venous walls is therefore

expected to be present in normal conditions. Thus, in both

congenital venous hypoplasia and intrinsic venous filling

defects, the physiological redundancy of total venous out-

flow cross section may result reduced under a critical value,

therefore enhancing the susceptibility of the venous and CSF

outflow systems to a self-sustained high-pressure CSF and

venous pressure balance shift, even in the absence of a

pathologically elevated venous sinus compliance.

Triggering factors

The self-limited venous collapse might be regarded as a

crucial IIH predisposing mechanism. Still, a primary event

triggering the CSF and sinus venous higher-pressure bal-

ances shift is probably always required. There is evidence

that a central venous hypertension not associated with

anatomical or functional stenosis may result from

derangements of cerebral blood flow autoregulation, lead-

ing to a transient or persistent hyperperfusion of the brain

[76]. In subjects carrying one ore more collapsible seg-

ments of large central venous sinuses, the increased venous

outflow resulting from brain hyperaemia could represent

an adequate trigger of the self-limiting venous collapse

mechanism [77, 78].

It is of interest that an instability of the brain perfusion

can be observed in migraine with aura [79] and in migraine

without aura [80] possibly as a consequence of the cortical

spread depression phenomena. This could account for the

high frequency of IIHWOP observed in headache sufferers

[81].

Another recent interesting study [82] has found a high

prevalence of jugular valve incompetence in IIH patients

carrying central venous stenosis. Possibly, an increased

abdominal pressure transmitted into the intracranial venous

system through a jugular valve incompetence may have a

role in triggering the self-limiting venous collapse in

affected individuals.

Possibly, other primary factors, either promoting a CSF

hypertension or an intracranial venous hypertension, could

reveal implied in the pressures balance shift. This could

account for the wide range of comorbidity conditions

observed in IIH, including endocrinological dysfunctions,

drug exposures, and any cause of raised extracranial

venous pressure such as OSAS, weight gain or pregnancy.

Conclusions

Available literature evidences strongly suggest that an

increased resistance of sinus venous outflow caused by

functional, malformative or obstructive narrowing or

occlusion of large cerebral venous collectors are almost

always required to develop a IIH syndrome. Accordingly,

central sinus venous stenosis should be view as a crucial

pathogenetic predisposing factor for the development of a

chronic or recurrent IIH with or without papilledema,

rather than a secondary phenomenon lacking any patho-

genetic role. The hypothesized mechanism relays on the

transition from a normal CSF and venous intracranial

pressures balance to a relatively stable, self-sustained,

higher-pressure balance promoted by a self-limiting col-

lapse of one or more segments of central veins. A trigger

factor is probably almost always required. Recent evi-

dences suggest that, in many cases, an instability of brain

perfusion autoregulation and/or a jugular valve incompe-

tence may trigger a self-sustained intracranial hyperten-

sion in presence of sinus venous stenosis. Still, other

factors leading to transient or persistent central venous

hypertension or to an increase of CSF production rate

may be required as complementary factors. The patho-

logic high CSF and venous pressures balance is poten-

tially reversible by an adequate perturbation at either side

of the loop, such as CSF removal/diversion or endovas-

cular venous stenting.
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