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A B S T R A C T

Objective: To systematically review the potential value of MRI signs in the assessment of intracranial hy-
pertension (IIH).
Methods: MEDLINE and Embase were systematically searched for original studies investigating the accuracy of
MRI signs in diagnosing IIH. Methodologic quality of included studies was assessed. Sensitivity and specificity
were pooled with a bivariate random-effects model.
Results: Twenty-one studies, comprising a total of 724 patients with IIH, were included. All studies had a case-
control design. "Empty" sella (11 studies), posterior displacement of pituitary stalk (2 studies), meningoceles (2
studies), posterior globe flattening (8 studies), optic nerve head protrusion (6 studies), optic nerve enhancement
(3 studies), optic nerve sheath distension (12 studies), optic nerve tortuosity (7 studies), slit-like ventricles (4
studies), tight subarachnoid spaces (3 studies), and inferior position of cerebellar tonsils (4 studies) had pooled
sensitivity ranging between 6.1% and 68.6%, and pooled specificity ranging between 84.0% and 99.2%.
Transverse sinus stenosis (8 studies) had pooled sensitivity of 84.4%; (95% CI: 65.9–93.9%) and pooled speci-
ficity of 94.9% (95% CI: 91.7–96.9%).
Conclusion: "Empty" sella, posterior pituitary stalk displacement, meningoceles, posterior globe flattening, optic
nerve head protrusion, optic nerve enhancement, optic nerve sheath distension, optic nerve tortuosity, slit-like
ventricles, tight subarachnoid spaces, and inferior position of cerebellar tonsils have overall high specificity but
low sensitivity. Transverse sinus stenosis appears to be the most useful sign, because it has high specificity and
fairly high sensitivity.

1. Introduction

Idiopathic intracranial hypertension (IIH) is a clinical syndrome
characterized by raised intracranial pressure (ICP), without a detectable
cause and absence of hydrocephalus [1]. The exact cause is still unclear
[2]. Headache and visual impairment are the most common symptoms
and blindness occurs in 10% of cases [1]. In young adult women with
overweight, incidence is 15–19 cases per 100,000 persons in the USA
[3]. Because IIH is associated with obesity [4], its incidence is likely to
increase with increasing global obesity [5]. Diagnosis relies on clinical
symptoms, absence of hydrocephalus, intracranial mass, structural, or
vascular lesion on imaging, raised cerebrospinal fluid (CSF) pressure

measured by lumbar puncture, and normal CSF composition.1 However,
IIH is frequently overdiagnosed, in as much as 39.5% of patients re-
ferred for presumed IIH [6]. The most common diagnostic error is in-
accurate funduscopic examination [6], which can be challenging [7].
Moreover, IIH can also occur without papilledema [8]. In these cases,
diagnosis may strongly depend on MRI. Reported MRI signs that may be
helpful for the diagnosis of IIH include "empty" sella, posterior globe
flattening, optic nerve sheath distension with or without optic nerve
tortuosity, and transverse sinus stenosis [8]. However, incidental
finding of potential nonspecific MRI signs may lead to overdiagnosis of
IIH and resultant excessive additional tests, including lumbar punctures
[7], and unnecessary treatment. To our knowledge, the potential value
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of MRI has not been systematically investigated yet. Therefore, the
purpose of this study was to systematically review and meta-analyze the
potential value of MRI signs in the assessment of IIH.

2. Materials and methods

2.1. Data sources

MEDLINE and Embase was searched for publications on the accu-
racy of MRI in diagnosing IIH. The search terms ((intracranial AND
hypertension) OR (pseudotumor AND cerebri)) AND (magnetic re-
sonance OR MR imaging OR MRI OR magnetic resonance tomography
OR nuclear magnetic resonance OR NMR) were used. The search was
updated until November 24, 2018. Bibliographies of studies which re-
mained after the selection process were screened for potentially suitable
references.

2.2. Study selection

Original studies investigating the accuracy of MRI signs in diag-
nosing IIH were eligible for inclusion. Studies involving< 10 IIH pa-
tients were excluded. Studies only investigating patients with secondary
intracranial hypertension (i.e. intracranial hypertension with an iden-
tifiable cause) were excluded. Studies which provided insufficient data
to construct a 2× 2 contingency table to calculate sensitivity and
specificity were also excluded. When data were presented in more than
one article, the article with the largest number of patients was chosen.
With use of aforementioned selection criteria, titles and abstracts of
retrieved studies were reviewed. Full-text versions of potentially eli-
gible articles were retrieved. Full-text articles were then reviewed to
definitively determine if the study was eligible for inclusion.

2.3. Study data extraction

For each included study, principle characteristics, and true positive,
false positive, false negative, and true negative values of MRI signs in
diagnosing IIH were extracted.

2.4. Study quality assessment

Study quality was assessed by using the Quality Assessment of
Diagnostic Accuracy Studies 2 (QUADAS-2) tool, which comprises 4 key
domains: "patient selection", "index test", "reference standard", and
"flow and timing" [9].

2.5. Statistical analyses

Sensitivity and specificity of individual MRI signs were calculated
and pooled using a bivariate random-effects model [10], if supported by
abstracted data from at least two studies. A Chi-squared test was per-
formed to test for heterogeneity. Potential sources for heterogeneity
were explored by assessing whether certain covariates significantly
influenced the relative diagnostic odds ratio (RDOR) [11]. Pre-specified
covariates were study size (< 30 vs.≥ 30 patients with IIH [30 was the
median]), type of control subjects ("normal" volunteers vs. patients with
normal brain MRI findings), and pediatric (< 18 years) vs. adult (≥18
years) patients. Subgroup analyses were only performed when there
were at least 4 studies per subgroup [12]. Statistical analyses were
performed using Meta-analysis of Diagnostic Accuracy Studies package
in R software [13,14].

Fig. 1. Flowchart of the study selection process.
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3. Results

3.1. Literature search

The study selection process is displayed in Fig. 1. Thirty-four studies
were potentially eligible for inclusion [15–48]. One study was excluded
because the full-text version could not be retrieved [42]. After re-
viewing the full text of the remaining 33 studies, 11 studies were ex-
cluded because accuracy of MRI in diagnosing IIH was not investigated
or reported [16,17,19,22,23,25,28,29,36,40,44], and one study [27]
was excluded because data were also used in another article from the
same group, comprising a larger number of patients [32]. Eventually,
21 studies were included, published between 1989 and 2018
[15,18,20,21,24,26,30–35,37,38,41–43,45,16–48].

Median number of patients with IIH per included study was 30
(range 10–79), with a total of 724 patients with IIH included in this
systematic review. Median percentage of female patients with IIH per
included study was 88.2 (range 36–100). Principal characteristics of the
included studies are displayed in Table 1. The interpreter(s) of MRI are
displayed in Table 2.

3.2. Methodologic quality assessment

QUADAS-2 assessments are displayed in Table 3 and summarized in
Fig. 2. Risk of bias with respect to patient selection was rated "high" in all
21 studies [15,18,20,21,24,26,30–35,37,38,41–43,45–48], because a case-
control design was used. Risk of bias with respect to index test was rated
“high” in 14 studies [15,21,24,26,31–33,35,37,39,43,45,46,48], because
diagnostic criterion of one or more of the MRI signs was not prespecified.
Risk of bias with respect to reference standard was rated “unclear” in all
21 studies [15,18,20,21,24,26,30–35,37,38,41–43,45–48], because it was
unclear whether the reference standard was interpreted without knowl-
edge of the results of the index test. Furthermore, in two studies the de-
finition of IIH was not specified [26,45]. There were no applicability
concerns.

3.3. Diagnostic performance

Various MRI signs were investigated by the included studies
(Table 4). "Empty" sella (11 studies), posterior displacement of pituitary
stalk (2 studies), meningoceles (2 studies), posterior globe flattening (8
studies), optic nerve head protrusion (6 studies), optic nerve enhance-
ment (3 studies), optic nerve sheath distension (12 studies), optic nerve
tortuosity (7 studies), slit-like ventricles (4 studies), tight subarachnoid
spaces (3 studies), and inferior position of cerebellar tonsils (4 studies)
had pooled sensitivity ranging between 6.1% and 68.6%, and pooled
specificity ranging between 84.0% and 99.2%. Transverse sinus stenosis
(8 studies) had pooled sensitivity of 84.4%; (95% confidence interval
[CI]: 65.9–93.9%) and pooled specificity of 94.9% (95% CI:
91.7–96.9%). Accuracy of other MRI signs (Meckel's cave enlargement,
Meckel’s cave narrowing, cavernous sinus diameter, DWI bright spot at
optic fundus, and papilledema) were only reported by single studies
(see Table 4).

Only specificities of optic nerve head protrusion (P=0.745), optic
nerve tortuosity (P=0.560), transverse sinus stenosis (P=0.561), and
specificity (P=0.498) and sensitivity (P=0.493) of slit-like ventricles
were statistically homogeneous among included studies. Sensitivities
and specificities of all other MRI signs investigated by at least 4 studies
were statistically heterogeneous (P=0.0189 up to P < 0.001).
Subgroup analyses could only be performed for some MRI signs
(Table 5). For optic nerve sheath distension, diagnostic performance
(expressed by the RDOR) was significantly higher in studies using
"normal" volunteers vs. diagnostic performance in studies using patients
with normal brain MRI findings as control subjects (RDOR: 16.14; 95%
CI: 1.64–159.05; P=0.0225).Ta
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4. Discussion

Brain MRI is routinely performed in patients clinically suspected of
having IIH, but also in patients with other causes of headache [49]. It is
important to discriminate patients with IIH from those without. Our
systematic review showed overall high pooled specificity but low
pooled sensitivity of the MRI signs "empty" sella, posterior displacement
of pituitary stalk, meningoceles, posterior globe flattening, optic nerve
head protrusion, optic nerve enhancement, optic nerve sheath disten-
sion, optic nerve tortuosity, slit-like ventricles, tight subarachnoid
spaces, and inferior position of cerebellar tonsils. The only MRI sign

with high pooled specificity and fairly high pooled sensitivity was
transverse sinus stenosis.

Transverse sinus diameter has been demonstrated to correlate to
invasive venous pressure gradients in patients with IIH [50] and has
also been reported to increase after lumbar puncture [51,52]. Accurate
assessment of transverse sinus diameter may not only be important to
diagnose IIH but also to monitor treatment effect. MR venography
(MRV) can be performed by gadolinium-enhanced or by non-enhanced
(including time-of-flight and phase-contrast) technique. Gadolinium-
enhanced MRV was applied in six [15,20,21,24,25,46] of the eight
included studies which assessed transverse sinus stenosis. Non-

Table 2
MRI interpreter(s).

Study Interpreter(s)

Pellerin et al. [15] Two senior neuroradiologists (5 years of experience), one radiologist and one junior radiologist
Delen et al. [18] A neuroradiologist and two radiology residents
Morris et al. [20] Two neuroradiologists
Carvalho et al. [21] Three radiologists with at least 6 years of experience in neuroradiology
Zur et al. [24] Not reported
Görkem et al. [26] Two pediatric radiologists with 10 and 4 years of experience in interpreting pediatric MRI studies in consensus
Bialer et al. [30] An experienced neuroradiologist (5 years of experience) in addition to two trained investigators
Ranganathan et al. [31] Two observers
Hoffmann et al. [32] One neuroradiologist assessed sinus vein stenosis, the observers who assessed the other criteria were not specified
Aiken et al. [33] Two neuroradiologists
Butros et al. [34] Two neuroradiologists
Maralani et al. [35] Three neuroradiologists
Degnan et al. [37] The first author of the article, under the direction of an experienced neuroradiologist
Lim et al. [38] Pediatric neuroradiologist
Lingawi et al. [39] Not reported
Agid et al. [41] Three experienced neuroradiologists
Higgins et al. [43] Two neuroradiologists
Yuh et al. [45] Three radiologists
Farb et al. [46] Three neuroradiologists experienced in neurovascular imaging
Brodsky et al. [47] The second author of the article
Gass et al. [48] An experienced neuroradiologist

Table 3
QUADAS-2 assessment results of each of the included studies.

Study Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Pellerin et al. [15] High High Unclear Low Low Low Low
Delen et al. [18] High Low Unclear Low Low Low Low
Morris et al. [20] High Unclear Unclear Low Low Low Low
Carvalho et al. [21] High High Unclear Low Low Low Low
Zur et al. [24] High High Unclear Low Low Low Low
Görkem et al. [26] High High Unclear Low Low Low Low
Bialer et al. [30] High Low Unclear Low Low Low Low
Ranganathan et al. [31] High High Unclear Low Low Low Low
Hoffmann et al. [32] High High Unclear Low Low Low Low
Aiken et al. [33] High High Unclear Low Low Low Low
Butros et al. [34] High Low Unclear Low Low Low Low
Maralani et al. [35] High High Unclear Low Low Low Low
Degnan et al. [37] High High Unclear Low Low Low Low
Lim et al. [38] High Low Unclear Low Low Low Low
Lingawi et al. [39] High High Unclear Low Low Low Low
Agid et al. [41] High Low Unclear Low Low Low Low
Higgins et al. [43] High High Unclear Low Low Low Low
Yuh et al. [45] High High Unclear Low Low Low Low
Farb et al. [46] High High Unclear Low Low Low Low
Brodsky et al. [47] High Low Unclear Low Low Low Low
Gass et al. [48] High High Unclear Low Low Low Low
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Fig. 2. Summary of QUADAS-2 assessments of the 21 included studies.

Table 4
Accuracy of MRI signs in diagnosing IIH.

MRI sign Study Diagnostic criterion Individual study
sensitivity (95%
CI)

Individual study
specificity (95%
CI)

Pooled
sensitivity (95%
CI)

Pooled specificity
(95% CI)

"Empty" sella [18] Pituitary occupies < 50% of pituitary fossa 43.1 (27.0-60.9) 97.6 (80.8-99.8) 62.2 (48.0-74.7) 90.7 (84.8-94.4)
[38] 27.1 (13.4-47.1) 92.9 (74.1-98.3)
[20] Pituitary occupies < 50% of pituitary fossa and

upper aspect is concave
53.9 (41.8-65.5) 94.3 (87.8-97.5)

[35] 64.8 (50.0, 77.2) 91.9 (77.2-97.5)
[26] Pituitary gland size <3.22 mm 63.5 (44.4-79.1) 88.7 (73.1-95.8)
[31] Absolute pituitary area < 151 mm2 95.5 (67.9-99.5) 87.5 (59.8-97.1)
[32] Midsagittal pituitary gland height <4.80 mm 86.5 (68.7-95.0) 67.3 (48.1-82.1)
[34] Pituitary fossa completely filled by CSF with no

visible pituitary gland
65.6 (50.9-77.7) 98.9 (90.2-99.9

[41] Majority of pituitary fossa filled with CSF 27.4 (14.9-44.9) 93.9 (84.5-97.7)
[45] Height of pituitary < 1/3 height of pituitary fossa 84.1 (70.1-92.3) 97.9 (82.8-99.8)
[47] Pituitary occupies ≤50% of the pituitary fossa and

upper aspect is concave
69.0 (47.7-84.5) 92.9 (74.1-98.3)

Posterior displacement of
pituitary stalk

[35] Posterior displacement of pituitary stalk 39.8 (26.7-54.5) 79.5 (59.0-91.3) 41.2 (31.2-51.9) 84.0 (66.5-93.3)
[45] 42.7 (28.8-57.8) 97.9 (82.8-99.8)

Meningoceles [30] Bulging of dura matter, arachnoid and CSF into
Meckel’s cave or presence of meninges and CSF signal
in the nasal cavity, paranasal sinuses, or mastoid air
cells

11.9 (6.5-20.8) 99.4 (94.1-99.9) 9.3 (4.4-18.7) 99.2 (94.1-99.9)

[34] Extensions of arachnoid spaces beyond the expected
margin of dural reflections predominantly occurring
at the skull base

5.3 (1.715.7) 98.9 (90.2-99.9)

Posterior globe flattening [18] Posterior globe flattening 63.8 (45.7-78.7) 97.6 (80.8-99.8) 56.3 (46.5-65.6) 95.3 (85.7-98.6)
[26] 55.8 (37.2-72.9) 98.4 (86.3-99.8)
[32] 28.8 (15.1-48.1) 98.1 (84.0-99.8)
[34] 65.6 (50.9-77.7) 94.4 (83.6-98.3)
[35] 53.4 (39.0-67.3) 97.9 (82.8-99.8)
[38] 60.4 (40.8-77.2) 59.5 (38.7-77.4)
[41] 43.5 (27.9-60.7) 99.1 (92.1-99.9)
[47] 78.6 (57.4-90.9) 92.9 (74.1-98.3)

(continued on next page)
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enhanced MRV may be susceptible to effects related to slow or turbu-
lent flow [35]. Gadolinium-enhanced MRV does not have these dis-
advantages [35] but may overestimate the lumen of the transverse
sinus, because the dural lining also enhances [53]. Regardless of which
non-invasive imaging technique is used to detect transverse sinus ste-
nosis, its utility may be hampered due to the high rate of venous sinus
variability in normal patients [54]. Therefore, it has been suggested to

use MRV (or CT venography) as a screening tool to determine candi-
dacy for catheter venography for further analysis [54]. By measuring
the pressure inside the transverse sinus before and after the stenosis
area one can make sure whether or not there is a pressure gradient.

The results of this systematic review should be interpreted with
caution, because there was statistically significant heterogeneity in
sensitivity and specificity among the majority of MRI signs that were

Table 4 (continued)

MRI sign Study Diagnostic criterion Individual study
sensitivity (95%
CI)

Individual study
specificity (95%
CI)

Pooled
sensitivity (95%
CI)

Pooled specificity
(95% CI)

Optic nerve head
protrusion

[18] Optic nerve protrusion 32.8 (18.6-51.0) 97.6 (80.8-99.8) 29.1 (20.0-40.1) 97.0 (92.0-98.9)
[26] 40.4 (24.0-59.3) 98.4 (86.3-99.8)
[35] 37.5 (24.7, 52.3) 97.1 (77.1-99.7)
[38] 18.8 (7.9-38.2) 97.6 (80.8-99.8)
[41] 4.8 (1.1-18.5) 99.1 (92.1-99.9)
[47] 31.0 (15.5-52.3) 92.9 (74.1-98.3)

Optic nerve enhancement [35] Enhancement of the insertion of the optic nerve to the
globe

3.4 (0.8-13.5) 75.0 (19.8-97.3) 13.2 (2.1-51.5) 95.9 (85.1-99.9)

[41] Enhancement of the optic nerve head 8.1 (2.5-22.8) 97.4 (89.4-99.4)
[47] Enhancement of the prelaminar optic nerve 47.2 (26.8-68.7) 96.2 (71.7-99.6)

Optic nerve sheath
distension

[18] Optic nerve sheath width > 2 mm 46.6 (29.9-64.0) 97.6 (80.8-99.8) 68.6 (54.8-79.7) 86.1 (78.8-91.1)
[20] Optic nerve sheath width > 6 mm 63.3 (51.0-74.0) 95.4 (89.2-98.1)
[26] Optic nerve sheath width ≥3.61 mm 86.5 (68.7-95.0) 79.0 (61.9-89.7)
[32] Maximum left optic nerve sheath diameter > 5.60

mm
78.8 (60.0-90.2) 94.2 (78.4-98.7)

[34] Optic nerve sheath distension 52.2 (38.0-66.1) 87.8 (75.2-94.5)
[35] Optic nerve sheath width > 2 mm 35.2 (22.8-50.0) 70.5 (49.6-85.3)
[37] Optic nerve sheath diameter > 5.8 mm 86.2 (73.6-93.3) 79.8 (66.3-88.8)
[38] Additive width of CSF within the midportion of the

orbital optic nerve sheath > width of the optic nerve
64.6 (44.7-80.4) 64.3 (43.1-81.0)

[39] Optic nerve sheath - optic nerve ratio ≥2.5 98.9 (90.4-99.9) 87.5 (66.9-96.0)
[41] Optic nerve sheath width > 2 mm 66.1 (48.5-80.2) 81.6 (69.6-89.5)
[47] Additive width of CSF within the midportion of the

orbital optic nerve sheath > width of the optic nerve
45.2 (26.4-65.6) 92.9 (74.1-98.3)

[48] Visibility of CSF ring around the optic nerve
on > five 3mm coronal T2-weighted images

97.2 (78.1-99.7) 98.9 (90.4-99.9)

Optic nerve tortuosity [26] Horizontal tortuosity 40.5 (27.0-55.5) 83.3 (66.4-92.7) 36.9 (26.8-48.2) 88.4 (82.1-92.7)
[18] Vertical tortuosity 60.7 (42.4-76.4) 91.7 (64.6-98.5)
[34] 37.5 (26.7-49.7) 90.9 (78.8-96.4)
[35] 50.0 (35.5-64.5) 80.8 (62.1-91.5)
[38] 26.9 (13.7-46.1) 95.0 (76.4-99.1)
[41] 19.0 (11.2-30.4) 91.1 (80.7-96.1)
[47] 29.6 (15.9-48.5) 95.0 (76.4-99.1)

Transverse sinus stenosis [15] Transverse sinus stenosis multiplicative index ≥2 98.0 (83.4-99.8) 98.0 (83.4-99.8) 84.4 (65.9-93.9) 94.9 (91.7-96.9)
[21] Transverse sinus stenosis index ≥4 92.4 (78.4-97.6) 92.2 (77.8-97.5)
[20] Bilateral > 50% transverse sinus stenosis 93.0 (84.0-97.1) 96.4 (90.6-98.7)
[24] Minimal cross-sectional area of left transverse sinus

and mean cross-sectional area of right transverse
sinus cut off value 55%

96.2 (84.9-99.1) 91.9 (77.2-97.5)

[32] Transverse sinus stenosis 36.5 (20.9-55.6) 94.2 (78.4-98.7)
[35] Combined transverse stenosis score < 4 62.5 (47.7-75.3) 98.9 (90.0-99.9)
[43] Bilateral transverse sinus flow gaps 64.3 (43.1-81.0) 98.8 (89.3-99.9)
[46] Combined venous conduit score ≤4.7 91.7 (76.5-97.4) 92.5 (83.0-96.9)

Slit-like ventricles [18] Slit-like ventricles 5.2 (1.2-19.6) 97.6 (80.8-99.8) 14.5 (4.2-39.7) 89.9 (56.9-98.3)
[34] 25.6 (15.1-39.9) 70.0 (55.5-81.4)
[35] 39.8 (26.7-54.5) 64.8 (46.0-79.9)
[41] 4.8 (1.1-18.5) 99.1 (92.1-99.9)

Tight subarachnoid spaces [18] Very small sulci and cisterns 5.2 (1.2-19.6) 97.6 (80.8-99.8) 6.1 (2.7-13.3) 97.1 (86.7-99.4)
[35] 8.0 (3.0-19.7) 87.5 (39.6-98.7)
[41] 1.6 (0.2-13.7) 99.1 (92.1-99.9)

Inferior position of
cerebellar tonsils

[18] > 5mm descent 8.6 (2.7-24.2) 97.6 (80.8-99.8) 19.2 (13.7-26.1) 92.8 (87.0-96.1)
[33] ≥5mm descent 21.6 (12.0-35.8) 96.7 (86.8-99.2)
[34] Abutment of foramen magnum or ≤5mm descent 21.1 (11.7-35.1) 90.0 (77.9-95.8)
[35] > 5mm descent 19.3 (10.3-33.2) 92.0 (80.3-97.0)

Meckel's cave enlargement [30] Prominent or increased fluid signal expanding
Meckel’s cave but not distorting the contours

9.4 (4.7-17.7) 99.4 (94.1-99.9) NA NA

Meckel’s cave narrowing [37] Maximal Meckel's cave diameter <0.45 cm 78.3 (64.4-87.7) 84.8 (71.8-92.4) NA NA
Cavernous sinus diameter [37] Maximal cavernous sinus diameter < 0.28 cm 61.7 (47.4-74.2) 76.1 (62.1-86.1) NA NA
DWI bright spot at fundus [20] DWI bright spot at optic fundus 9.5 (4.4-19.3) 99.0 (94.3-99.8) NA NA
Papilledema [20] Papilledema 31.7 (21.6-44.4) 95.8 (89.898.4) NA NA

DWI: diffusion-weighted imaging.
NA: not applicable.
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investigated. All included studies had a case-control design, which may
have resulted in overestimation of diagnostic accuracy [55]. In addi-
tion, inclusion of healthy controls could lead to a further overestimation
of specificity. Indeed, for the MRI sign "optic nerve sheath distension",
diagnostic performance was significantly higher in studies using
"normal" volunteers than in studies using patients with normal brain
MRI findings as control subjects. Furthermore, in 14 included studies
[15,21,24,26,31–33,35,37,39,43,45,46,48] diagnostic criterion of one
or more of the MRI signs was not prespecified. Accuracy is likely to be
lower in an independent sample of patients in whom the same diag-
nostic criterion is used [9]. It is also important to note that MRI signs
suggestive of elevated ICP, specifically pituitary height and globe
configuration, may persist after papilledema has resolved and ICP has
normalized [56]. Therefore, MRI signs of IIH should be carefully cor-
related with clinical findings.

Some MRI signs (Meckel's cave enlargement, Meckel’s cave nar-
rowing, cavernous sinus diameter, DWI bright spot at optic fundus, and
papilledema) were only reported by single studies; their diagnostic
value needs confirmation by independent studies. Only few of the in-
cluded studies investigated the value of a combination of MRI signs,
which yielded different results: Delen et al. [18] found that the com-
bined criterion of either "empty" sella or posterior globe flattening
achieved the highest combination of sensitivity (75%) and specificity
(100%). Using this same combined criterion of either "empty" sella or
posterior globe flattening, Maralani et al. [35] and Agid et al. [41]
found much lower sensitivity (37.2% and 56.7%, respectively) and
equally high specificity (100% and 94.6%, respectively). When Mar-
alani et al. [35] added the MRI sign transverse sinus stenosis, sensitivity
increased (86%) while maintaining high specificity (95.3%). In Degnan
et al.'s study [37], the combination of Meckel's cave narrowing and
optic nerve sheath distension achieved the highest combination of
sensitivity (97.8%) and specificity (68.9%). In a pediatric population,
Lim et al. [38] found that the presence of at least three of the MRI signs
"empty" sella, posterior globe flattening, optic nerve head protrusion,
optic nerve sheath distension, or optic nerve tortuosity achieved the
highest sensitivity (43%) and specificity (85%). A future prospective
study is needed to identify which MRI signs are independently diag-
nostic and which MRI signs have the highest association with IIH. A
case-control design should be avoided. This will allow the development
of an MRI-based prediction model for IIH, which ideally should also
incorporate clinical patient parameters.

Our systematic review had some limitations. First, there were in-
sufficient studies to explore potential sources of heterogeneity for the
majority of MRI signs. We could not explore either whether diagnostic
accuracy of potentially age-dependent MRI signs such as pituitary
height [57,58] differs between adult and pediatric patients. Second, we
did not evaluate publication bias because of low statistical power, as the
number of included studies per MRI sign was relatively low. Further-
more, visual assessment of a funnel plot has questionable validity [59],
whereas Deeks' test has limited utility when there is heterogeneity be-
tween studies [60].

5. Conclusions

"Empty" sella, posterior displacement of pituitary stalk, meningo-
celes, posterior globe flattening, optic nerve head protrusion, optic
nerve enhancement, optic nerve sheath distension, optic nerve tortu-
osity, slit-like ventricles, tight subarachnoid spaces, and inferior posi-
tion of cerebellar tonsils are MRI signs with overall high specificity but
low sensitivity. Transverse sinus stenosis appears to be the most clini-
cally useful MRI sign, because it has high specificity and fairly high
sensitivity.
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