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ABSTRACT

BACKGROUND AND PURPOSE: Patients with spontaneous intracranial hypotension often exhibit low CSF pressure and changes on brain
MR imaging and/or evidence of CSF leak on myelography. We investigated whether individual imaging signs of spontaneous intracranial
hypotension correlate with measured CSF pressure and how frequently these 2 markers of spontaneous intracranial hypotension were
concordant.

MATERIALS AND METHODS: We performed a retrospective, cross-sectional study of 99 subjects with spontaneous intracranial hypo-
tension. Prevalence of brain and myelographic imaging signs of spontaneous intracranial hypotension was recorded. CSF pressure among
subjects with or without individual imaging signs was compared by using a 2-tailed t test and ANOVA. Concordance between low CSF
pressure (�6 cm H2O) and imaging was defined as the presence of the sign in a subject with low CSF pressure or absence of the sign when
pressure was not low.

RESULTS: Dural enhancement, brain sagging, and venous distension sign were present in 83%, 61%, and 75% of subjects, respectively,
and myelographic evidence of CSF leak was seen in 55%. Marginal correlations between CSF pressure and brain sagging (P � .046) and
the venous distension sign (P � .047) were found. Dural enhancement and myelographic evidence of leak were not significantly
correlated with CSF pressure. Rates of concordance between imaging signs and low CSF pressure were generally low, ranging from
39% to 55%.

CONCLUSIONS: Brain and myelographic signs of spontaneous intracranial hypotension correlate poorly with CSF pressure. These findings
reinforce the need to base the diagnosis of spontaneous intracranial hypotension on multiple diagnostic criteria and suggest the presence
of patient-specific variables that influence CSF pressure in these individuals.

ABBREVIATIONS: PCSF � CSF pressure; SIH � spontaneous intracranial hypotension

Low CSF pressure (PCSF) is a well-known feature of spontane-

ous intracranial hypotension (SIH) and is one of several diag-

nostic criteria for the disorder.1,2 The fact that SIH is categorized

by the International Classification of Headache Disorders, 3rd

edition, as a “headache attributed to low cerebrospinal fluid pres-

sure”2 underlines the historical strength of the association be-

tween SIH and abnormally low pressure.

Given this association, it would be expected that low CSF pres-

sure would also be associated with other diagnostic criteria of SIH,

including typical brain imaging findings and the presence of CSF

leak on myelography.1 There is some evidence to the contrary,

however. Previous investigators have recognized that patients

with brain imaging findings of SIH or myelographic evidence of

CSF leak may not exhibit low CSF pressure.3,4 This observation

would seem to call into question whether low CSF pressure is the

fundamental cause of SIH and has prompted the alternate hy-

pothesis that SIH is actually primarily a disorder of low CSF vol-

ume rather than low pressure.5 To our knowledge, the frequency

of discordance between imaging and CSF pressure and, by infer-

ence, the likelihood of this alternate hypothesis have not been

previously explored.

The purpose of this investigation is to describe the prevalence

of brain imaging and myelographic signs of SIH from a large

retrospective series of patients with confirmed SIH and to deter-

mine the correlation between these imaging signs and CSF pres-
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sure measurements, with a particular focus on reporting how

commonly imaging signs of SIH and low CSF pressure are con-

cordant or discordant.

MATERIALS AND METHODS
This investigation is a retrospective cross-sectional study of pa-

tients with SIH treated at our institution between January 2006

and October 2014. The investigation was approved by our local

institutional review board and is compliant with Health Insur-

ance Portability and Accountability regulations.

Subjects
Subjects were identified through review of departmental proce-

dure logs of patients evaluated for possible SIH. Standard initial

diagnostic work-up for suspected SIH at our institution includes

lumbar puncture followed immediately (ie, within 1–3 minutes

after contrast injection) by CT myelography of the cervical, tho-

racic, and lumbar spine.6 CSF opening pressure was recorded

from this initial evaluation. All pressures were measured with the

patient in the lateral decubitus position, with legs extended, and

resting quietly. Demographic information was recorded from the

patient’s electronic medical record.

Subjects were included if they satisfied the diagnostic criteria

for SIH previously outlined by Schievink et al (Table 1).1 Patients

were excluded if preprocedural brain MR imaging was not

available.

Image Analysis
Brain MR imaging was reviewed to evaluate imaging findings of

SIH. Abnormal dural enhancement was evaluated on postcon-

trast axial and/or coronal T1-weighted images in subjects with

available postcontrast brain imaging. Brain sagging was consid-

ered present if downward sloping of the third ventricular floor

resulting in descent of the mammillary bodies to the level of the

dorsum sella was present on either sagittal T1- or T2-weighted

images. A “venous distension” sign was considered present if there

was a convex inferior border of the dominant transverse venous sinus

at its midportion (approximated by a section containing the lens of

the eye) on sagittal T1- or T2-weighted images.7 Pituitary hyperemia,

another imaging sign reported in association with SIH,8 was not as-

sessed in this investigation because it was thought to be too subjective

and not a principal sign of the condition.

CT-myelograms were reviewed to evaluate the presence of a

CSF leak, defined by the presence of contrast outside of the thecal

sac in the epidural space. If present, CSF leaks were further clas-

sified as either high-flow leaks, denoted by the presence of a pool

of epidural contrast extending over �1 vertebral segment, or low-

flow leaks, in which contrast leakage did not extend over �1 ver-

tebral segment.9

Initial image review was performed by a board-certified radi-

ologist in the second year of a neuroradiology fellowship. Equiv-

ocal or borderline cases were reviewed by a second board-certified

radiologist who holds a Certificate of Added Qualification in neu-

roradiology and has 12 years’ experience interpreting brain MR

imaging, including extensive experience in evaluating patients

with SIH.

Concordance or discordance of the individual brain imaging

signs with low CSF pressure (defined as PCSF of �6 cm H2O) was

also assessed. Individual signs were considered concordant if the

sign was present in a subject with low CSF pressure or absent

when the pressure was �6 cm H2O. Conversely, a sign was con-

sidered discordant if it was present but the subject’s CSF pressure

was �6 cm H2O or if the sign was absent but the subject’s CSF

pressure was low.

Statistical Analysis
Descriptive statistics regarding the prevalence of individual imag-

ing signs and the concordance/discordance of those signs with

CSF pressure were calculated. For individual brain MR imaging

signs, differences in CSF pressure between groups with or without

the sign present were compared by using a 2-tailed t test. For

individual leak patterns on CT myelography (ie, no leak, high-

flow leaks, and low-flow leaks), CSF pressure between groups was

compared by using ANOVA. Additionally, CSF pressure in the

group showing any evidence of leak (either high-flow or low-

flow) was compared with the group with no leak by using a

2-tailed t test. Analysis was performed by using R statistical and

computing software, Version 3.0.2 (http://www.r-project.org).

For all comparisons, a P value � .05 was considered statistically

significant.

RESULTS
A total of 106 patients with SIH were identified. Of these, 7 were

excluded due to the absence of any available preprocedural brain

MR imaging, with a final study population of 99 subjects (33 men,

66 women). Of these subjects with available preprocedural brain

imaging, 6 brain MRIs were performed without contrast; the re-

maining studies (93 subjects, 94%) were performed with and

without contrast. The mean age for the final study population was

47.8 � 13.4 years.

Prevalence of Imaging Signs
Of the 93 subjects with available postcontrast brain MR images,

83% (77 subjects) showed abnormal dural enhancement. Among

all 99 subjects, 61% (60 subjects) showed evidence of brain sag-

ging and 75% (74 subjects) showed a venous distension sign.

Of all 99 subjects, 93% (92 subjects) showed at least 1 of the 3

imaging signs. All 3 signs were present in 43% of subjects; 2 signs,

in 33%; 1 sign, in 16%; and zero signs (ie, brain MR imaging

negative for signs of SIH), in 7%. Of the 6 subjects with noncon-

trast images only, 5 showed at least 1 imaging sign (ie, brain sag-

ging or venous distension sign); the remaining patient had nor-

mal brain imaging findings but met the criteria for the diagnosis

Table 1: Diagnostic criteria for SIH from Schievink et al1

Criteria
A) Orthostatic headache
B) The presence of at least 1 of the following:

1) Low opening pressure (�60 mm H2O)
2) Sustained improvement of symptoms after epidural

blood patching
3) Demonstration of an active spinal CSF leak
4) Cranial MRI changes of intracranial hypotension (eg, brain

sagging or pachymeningeal enhancement)
C) No recent history of dural puncture
D) Not attributable to another disorder
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of SIH by having a CSF pressure of 0 cm H2O and evidence of a

high-flow leak on myelography.

On CT myelography, 55% of subjects showed a leak of any

type. Of these subjects with a leak, most (46 subjects, 85%) had a

high-flow leak, and the remainder (8 subjects, 15%) had a low-

flow leak.

Correlation of Imaging Signs and CSF Pressure
The distribution of CSF pressure in subjects with and without

individual brain imaging signs is shown in Fig 1. For all signs,

there was substantial overlap in the distribution of CSF pressures

between groups.

No significant difference in CSF pressure was observed be-

tween subjects with and without dural enhancement (mean PCSF,

7.8 � 4.8 versus 11.3 � 8.4; P � .13). Marginally significant dif-

ferences in CSF pressure were seen for brain sagging (mean PCSF,

7.4 � 4.9 versus 10.1 � 7.0; P � .046) and for the venous disten-

sion sign (mean PCSF, 7.5 � 4.7 versus 11.1 � 8.1; P � .047).

The distribution of CSF pressure in subjects with various my-

elographic leak types is shown in Fig 2. As with brain imaging,

there was substantial overlap of CSF pressures between groups.

When all patients with any subtype of leak (high-flow or low-

flow) were considered together, there was no difference in CSF

pressure for patients with leak versus without leak (mean PCSF,

8.3 � 6.2 versus 8.6 � 5.5; P � .77). Furthermore, when individ-

ual subtypes of leaks were analyzed separately, again no difference

in CSF pressure was observed between groups (mean PCSF, 8.6 �

5.5 for no leak versus 7.7 � 6.2 for high-
flow leak versus 11.8 � 5.6 for low-flow
leak; P � .16).

Rates of Discordance between
Imaging Signs and CSF Pressure
The rates of concordance/discordance
between individual imaging signs and
the presence of low CSF pressure are
shown in Table 2. Only brain sagging
and leak on myelography were found to
be concordant in more than half of
cases, and no sign was concordant
�55% of the time. For the cases of dis-
cordance, it was much more common
that the sign was present but the CSF
pressure was �6 cm H2O, though for all

signs, the sign was absent despite the finding of low pressure in at

least some cases.

DISCUSSION
Spinal CSF leaks in SIH, which can be detected by myelography in

some cases, cause loss of CSF volume, which some investigators

believe results in the changes seen on brain imaging.10,11 Given

the known relationship between pressure and volume in a closed

system, one would expect that these imaging signs of SIH would

also be correlated with low CSF pressure, another common find-

ing in SIH. To the contrary, however, our investigation shows that

while the presence of �1 brain imaging sign is relatively common

in patients with SIH, there is weak correlation between individual

brain or myelographic imaging signs and a patient’s CSF pressure.

As a result, discordance between the expected imaging signs and

the finding of low CSF pressure is routinely encountered.

This discordance indicates that the imaging findings associ-

ated with SIH are not uniformly accompanied by a low-pressure

state. Furthermore, it reinforces the need to pursue the diagnosis

by using a combination of CSF pressure measurement, brain im-

aging, and spinal imaging rather than any single test when the

diagnosis is suspected.

Our investigation is not the first to describe the variability of

CSF pressure and imaging findings in patients with SIH.12 Mokri5

previously reported a case series of patients with SIH who dem-

onstrated discordant pressure and imaging and suggested that

decreased CSF volume rather than decreased pressure was a more

0
5

10
15

20
25

30

Dural Enhancement

P
C

S
F

Absent Present

p−value = 0.13

0
5

10
15

20
25

30

Venous Distension Sign

P
C

S
F

Absent Present

p−value = 0.047

A B C

0
5

10
15

20
25

30

Brain sagging

P
C

S
F

Absent Present

p−value = 0.046

FIG 1. Box-and-whisker plots comparing PCSF (cm H2O) with the presence or absence of individual brain imaging signs of SIH.
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FIG 2. Box-and-whisker plots comparing PCSF (cm H2O) with the presence or absence of various
myelographic patterns in SIH.
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appropriate conception of the disease. Since then, other authors

have made similar observations, though predominantly in single

case reports or small case series.13-15 Our data, however, confirm

that this variability is common in a large proportion of patients

with the disease, rather than in a small subset.

Despite previous reports on this discordance between

symptoms and CSF pressure, the concept that low CSF

pressure (ie, �6 cm H2O) is the fundamental pathology under-

pinning SIH remains entrenched in both the literature and

professional societies. For example, the International Classifi-

cation of Headache Disorders, 3rd edition2 published in 2013

classifies SIH as “headache attributed to low cerebrospinal fluid

pressure.” Similarly, a review published in 2015 states that “a decrease

in CSF pressure defines spontaneous intracranial hypotension.”16

In our experience, these definitions lead to confusion among

clinicians seeking to evaluate patients for the condition, often

leading to the misconception that CSF pressure measurement

alone is sufficient to diagnose or exclude SIH.

Having established that discordance between imaging

(which likely principally reflects CSF volume) and CSF pres-

sure is common in SIH, one must next consider why this seem-

ingly paradoxical state occurs, because a loss in CSF volume

would be expected to result in decreased CSF pressure. To

answer this question, it is useful to briefly consider normal CSF

physiology. In the steady-state, CSF pressure is greater than

systemic venous pressure, a fact that permits reabsorption of

CSF at the level of the arachnoid granulations.17 Maintenance

of this steady-state CSF pressure occurs via balancing of CSF

production and absorption.17 Thus, if CSF volume decreases

and CSF pressure falls below venous pressure, CSF absorption

will decrease; this decrease allows CSF volume to re-accumu-

late and restore normal CSF pressure, a process termed “dy-

namic equilibrium.”18 It is possible, however, to disrupt the

homeostatic mechanisms that maintain a constant CSF pres-

sure if the buffering capacity of the system is overwhelmed.17

On the basis of our data, it is clear that some patients with CSF

leaks are able to maintain the steady-state CSF pressure while

others are not, though the ability to maintain the CSF pressure

does not necessarily prevent headache in these patients. Further-

more, it seems that this ability to maintain CSF pressure is not

solely a function of a slower rate of CSF leakage because we ob-

served no difference in CSF pressures between patients who had

evidence of a high-flow CSF leak and those with no leak seen.

These observations suggest 2 conclusions: First, that headache in

patients with SIH is not primarily determined by low CSF pres-

sure; and second, compensatory mechanisms exist in some indi-

viduals that help maintain CSF pressure despite active CSF vol-

ume loss.

One potential compensatory mechanism that may vary

from person to person is compliance of the thecal sac, which

may be influenced by body habitus or dilation of epidural

veins. For example, in a recent investigation, Tain et al19 dem-

onstrated that the compliance of the spinal canal was less in

patients with obesity with idiopathic intracranial hypertension

(pseudotumor cerebri) than in healthy controls, noting that

MR imaging of the thecal sac showed a reduced cross-sectional

area of the spinal CSF spaces in these patients.19,20 In SIH,

dilation of the epidural venous plexus has been observed in

some cases,21 which would reduce cross-sectional area of the

spinal canal, thereby compensating for CSF volume loss and

increasing CSF pressure, in a manner analogous to pseudotu-

mor cerebri. Moreover, cervical venous dilation is known to

change between supine and upright posture in healthy individ-

uals but has been observed to demonstrate person-to-person

variability,22 a finding that may be more significant in the set-

ting of orthostatic changes in CSF pressure associated with

SIH. These compensatory mechanisms would share in com-

mon the ability to, at least partially, preserve the overall vol-

ume within the enclosed craniospinal canal, allowing CSF

pressure to be maintained despite decreased CSF volume due

to a spinal fluid leak. In so doing, these proposed mechanisms

would satisfy the requirements of the Monro-Kellie hypothe-

sis.11 Further investigation into what compensatory mecha-

nisms are engaged in the setting of SIH could potentially help

elucidate the underlying physiology of the CSF pressure/vol-

ume relationship in these patients and could help guide novel

therapies.

Our study has limitations. First, it is possible that there is vari-

ability in CSF pressure that could decrease the accuracy of any

single pressure measurement. Second, it is possible that our loca-

tion at a tertiary care center could result in referral bias, leading to

an atypical cohort of subjects with SIH, though all subjects satis-

fied established diagnostic criteria for SIH and most patients had

not been treated previously at other centers.

CONCLUSIONS
The presence of �1 brain imaging and myelographic imaging sign

of SIH is common in those with the condition, but individual

signs generally correlate poorly with CSF pressure measurements.

These findings emphasize the need to base the diagnosis of SIH on

multiple criteria rather than any single imaging finding or CSF

pressure measurement. Furthermore, our results reinforce the

Table 2: Prevalence of imaging signs and concordance with low PCSF
a

Overall
Prevalence

Concordant
Sign and PCSF

Discordant Sign and PCSF

Sign Absent,
PCSF ≤6

Sign Present,
PCSF >6

% No./Total % No./Total % No./Total % No./Total
Dural enhancement 83 77/93 39 36/93 5 5/93 56 52/93
Brain sagging 61 60/99 55 54/99 9 9/99 36 36/99
Venous distension sign 75 75/99 42 42/99 8 8/99 49 49/99
Leak on myelogram 55 54/99 55 54/99 12 12/99 33 33/99

a Concordance is defined as the presence of the imaging sign when PCSF is low (�6 cm H2O) or absence of the sign when PCSF is not low.
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notion that low CSF pressure is not the only factor that results in

the condition and that patient-specific variables may influence

the pathophysiology of the disease.
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