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Introduction
The Monroe-Kellie doctrine provides the basic framework and understanding of 

intracranial volume and pressure in human beings. According to the doctrine, the three 
main components are brain, blood, and cerebrospinal fluid (CSF). Any increase in volume 
of one component will result in decrease in volume of the other components and increase 
in intracranial pressure (ICP) or both. Idiopathic intracranial hypertension (IIH), also called 
pseudotumor is a condition characterized by increase in ICP without apparent increase in 
brain, blood, or CSF volume. The main hypothesized cause is venous sinus stenosis resulting in 
increased intracranial blood volume and pressure. The recent discovery of the “glymphatics” 
system consisting mainly of cerebrospinal fluid (CSF) and brain interstitial fluid (ISF) may 
provide an alternative and better explanation for the pathogenesis of IIH.

Pseudotumor/Idiopathic Intracranial Hypertension (IIH)

Idiopathic intracranial hypertension, commonly called pseudotumor is a neurological 
condition characterized by increased intracranial pressure without any underlying 
intracranial pathology such as mass lesions in the brain or hydrocephalus [1-4]. As of current 
day, the cause of IIH remains unclear. The typical patients are overweight young females 
and common clinical presentations include headache with papilledema found upon physical 
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Abstract
Idiopathic Intracranial Hypertension (IIH) is a neurological condition characterized by increased intra-
cranial pressure without any underlying intracranial pathology such as mass lesions in the brain or 
hydrocephalus. According to the Monroe-Kellie doctrine, there are three main components inside our 
rigid cranium, brain, blood, and CSF. Increase in volume of one component needs to be compensated 
by decrease in another component and/or increase in intracranial pressure. The most popular belief 
about the pathogenesis of IIH is that it is caused by venous sinus stenosis resulting in intracranial 
venous congestion and increase in ICP. With the recent discovery of another intracranial component, the 
glymphatic, the Monroe-Kellie doctrine needs to be revisited. In this review, we are providing evidence 
to define the relative importance of venous sinus stenosis and dysfunction of the glymphatic as the main 
pathogenetic mechanism for IIH. We also conclude that dysfunction of the glymphatic system is the main 
pathogenetic mechanism of IIH.
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stenosis, Cerebrospinal fluid, Interstitial fluid, Glymphatic
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exam. Additionally, some medications may increase the risk of 
developing IIH, including excessive intake of vitamin A and outdated 
tetracyclines. Neuroimaging studies including CT and MRI remain 
normal in these patients, with normal or small lateral ventricles. 
Ultimately, IIH diagnosis is made by high opening pressures on 
spinal tap with normal CSF constituents and no causes found on 
neuroimaging including venography to rule out Dural venous 
sinus thrombosis. The most dreaded complication is visual loss 
secondary to impaired axoplasmic flow associated with persistent 
elevation of intracranial pressure (ICP).

At present, the underlying pathogenesis of IIH remains 
unclear. Altered CSF dynamics, underlying prothrombotic states, 
female sex hormones, and obesity have all been suggested to play 
a role2, with recent weight gain in obese patients being the most 
significant association [5]. The particular mechanism of obesity 
causing increased ICP is still unclear. The possible mechanisms 
include increased ICP secondary to increased intrathoracic and 
intraabdominal pressure because of abdominal obesity [6]. 
More recently, obesity related inflammation with increased 
proinflammatory cytokines such as leptin and interleukin-6 has 
been implicated [7]. 

Monroe-Kellie doctrine

Following closure of fontanelles, our skull forms a rigid 
cranium with constant volume and content, the latter of which 
stays constant according to the Monroe-Kellie Doctrine. There are 
three main components - brain, blood, and CSF inside the cranium, 
where any increase in volume of one component will either result 
in decrease in volume of the other components, increase in the 
intracranial pressure (ICP), or both. When there is an increase in 
brain volume due to mass lesions such as a tumor or hematoma, 
the ventricular system will be compressed. When there is excessive 
volume of CSF in hydrocephalus, the vascular component should 
decrease. In either scenario, the ICP will be elevated. As such, when 
there is an increase in intracranial blood volume due to cerebral 
venous sinus thrombosis or stenosis, the ventricular volume will 
decrease while the ICP will be elevated. Many recent case reports 
have found the presence of venous sinus stenoses particularly 
involving the transverse sinus [8-11], with some studies showing 
the efficacy of stenting the stenotic transverse sinus in lowering 
the ICP. Similarly, Dural sinus thrombosis causes increased ICP and 
may be the cause of pseudotumor cerebri or idiopathic intracranial 
hypertension (IIH). 

However, most known cases of IIH are not associated with 
Dural sinus thrombosis. In addition to blood and CSF, Iliff et al. 
[12] demonstrated a brain fluid flow system similar to systemic 
lymphatics in rodents. They created the term “glymphatics” to 
describe the flow of cerebrospinal fluid (CSF) from the perivascular 
space (VR space) accompanying the small cortical arteries into 

the brain interstitial fluid (ISF). The CSF-ISF flows centripetally 
towards the perivenous spaces of the deep cerebral venous system, 
thus draining solutes and wastes in the perivenous spaces out of the 
system into either the deep cervical lymphatics or large draining 
veins leaving the skull [13,14]. Thus, the glymphatic system exists 
as the 4th component inside the cranium and that glymphatic 
outflow obstruction may provide a better explanation for the 
pathophysiology of IIH.

Venous sinus stenosis as a cause of IIH

With Monroe-Kellie Doctrine in mind, it is logical to consider 
increased vascular volume/pressure as an important cause of 
IIH. Cerebral venous sinus thrombosis has been found to be the 
cause in many patients with presumed IIH [15]. Most clinical 
neurologists tend to rule out Dural venous sinus thrombosis when 
they encounter any patient with clinical diagnosis of IIH. With no 
evidence of venous sinus thrombosis associated with IIH, increased 
venous pressure secondary to venous sinus stenosis became the 
most widely accepted pathophysiological mechanism [16-19]. 
Stenting of the stenotic transverse sinus demonstrated efficacy in 
lowering the ICP in patients with IIH has been demonstrated in 
multiple reports and small case series, as discussed here.

Durst et al. [20] performed consecutive CT angiography on 
a series of 355 patients without the diagnosis of increased ICP. 
They found the prevalence of 33% of unilateral transverse sinus 
stenosis and 5% bilateral transverse sinus thrombosis. Lee et al. 
[21] reported a case of IIH with transverse sinus “obstruction” 
which partially resolved when the ICP was lowered to 15cm H2O 
and completely and immediately resolved when the ICP was 
reduced by lumbar puncture to <10cm H2O [21]. This case showed 
that the transverse sinus “obstruction” is the result of the raised 
ICP than the cause of the IIH. Rohr A et al. [22] reported 3 cases in 
which diagnostic imaging before and after CSF diversion provided 
evidence that narrowing of the transverse sinuses is a secondary 
phenomenon, with stent angioplasty of the venous sinuses not to be 
considered as an appropriate therapeutic approach [22]. In 2017, 
Buell TJ et al. [23] reported a case of transient resolution of venous 
sinus stenosis after high-volume lumbar puncture in a patient with 
IIH. This patient provided strong evidence that the venous sinus 
stenosis is a downstream effect of the increased ICP rather than 
its cause [23]. It is clear from these studies that cerebral venous 
sinus stenting may lower the intracranial pressure in IIH. However, 
the existing evidence does not definitely support venous sinus 
(transverse or sigmoid sinus) stenosis as the cause of IIH rather the 
downstream effect of the raised ICP.

IIH: A consequence of glymphatic outflow obstruction 

Lenck S et al. [24] hypothesized that IIH is related to congestion 
of the glymphatic system associated with overflow of the glymphatic 
outflow pathway. Their hypothesis subsequently resulted in more 
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debates and disputes. To this end, we analyze this hypothesis with 
evidence and consequent views. There is approximately 150mL of 
CSF in the average adult, and 24-hour turnover is about 500mL. 
Considering the known function of the CSF to be providing buoyancy 
for the brain, it does not require such a rapid turn-over in volume. 
There should be more important functions to explain this high 
CSF turnover. The most logical reason points to metabolic supply 
and waste clearance for the metabolically active brain. While the 
traditional view of CSF formation and circulation surrounds choroid 
plexus production with ventricular circulation and subarachnoid 
granulation reabsorption, this view has recently been challenged 
both in domains of CSF production and CSF removal [25,26]. In 
regard to the former, recent evidence supports that, in addition 
to the choroid plexus, a large volume of CSF is produced directly 
from the capillaries in the brain secondary to hydrostatic pressure. 
In regard to the latter, the removal of CSF solely by the arachnoid 
granulations have been under stronger scrutiny by many studies 
within the past decade. Tracer studies of CSF flow [27-30] showed 
drainage through the lymphatics of the cribriform plate, cranial and 
spinal nerve sheaths. Currently, the most significant contribution 
to our modern understanding of CSF drainage and brain waste 
clearance, and existence of a brain structure similar to systemic 
lymphatics is the concept of “glymphatics” by Iliff [12,14].

By using fluorescent CSF tracers in the rodent model, Iliff 
et al. [13] were able to demonstrate a large volume of CSF in 
the subarachnoid space rapidly enters the brain parenchyma 
along the perivascular spaces (Virchow-Robin space) of the 
cortical penetrating arteries [13]. Here, the CSF mixes with the 
brain interstitial fluid (ISF). This CSF influx spreads diffusely 
and uniformly throughout all cortical deep penetrating arteries 
centripetally towards the perivenous spaces of the deep draining 
veins with drainage preferentially restricted towards several larger 
draining veins. Fluorescent tracer from deep nuclear structures (e.g. 
striatum and thalami) are then observed to drain medially to the 
perivenous spaces great vein of Galen and internal cerebral veins, 
ending up in the deep cervical lymphatics. More recent studies [27-
30] utilizing MRI with gadobutrol CSF tracer have demonstrated 
the glymphatic system in humans quite convincingly. Similar to the 
rodent model, the intrathecally-administered CSF tracer enters the 
brain from cortical surfaces alongside the periarterial spaces and 
moves centripetally towards the deep structures.

Relative importance of venous sinus thrombosis and 
glymphatic clearance in IIH

With a rigid cranium, we understand that the increased ICP 
in IIH must be secondary to the increase in volume of one of the 
intracranial compartments i.e., the brain, blood, CSF, or glymphatics. 
There is no increase in brain cellular volume nor in CSF ventricular 
volume, with the latter even reduced in volume due to smaller 
lateral ventricles in imaging of patients with IIH. The intracranial 

vascular compartment may be expanded if venous sinus stenosis is 
the confirmed cause of IIH, yet this is not the case from studies and 
cases we described above. In addition, the cerebral venous sinuse is 
a low-pressure system which is compressible. Venous sinus stenosis 
is commonly apparent in normal patients without increase in ICP 
[20], and venous sinus stenosis is reversible after ICP lowering 
with CSF drainage or lumbar puncture [22,23]. On the other hand, 
the glymphatics system is a fluid filled system with high convective 
flow volume. Any small change in the volume of this clearance 
system will result in large change in intracranial pressure. Akins 
[31] used the term glymphedema to explain the various pathologies 
related to this glymphatic clearance system. IIH is most likely the 
result of dysfunction of the glymphatic clearance system, the fourth 
component within our cranial cavity.

Conclusion
In summary, available evidence including imaging finding 

shows that transverse/sigmoid sinus stenosis in patients with IIH is 
more likely the consequence rather than the cause. Cerebral venous 
sinus stenosis is less likely the pathogenetic mechanism or cause 
of IIH. The elevation of ICP in IIH can be better explained by the 
result of increased volume of CSF-ISF (glymphatic fluid) inside the 
brain parenchyma, mostly probably the consequence of impaired 
glymphatic outflow clearance.
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