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Volumetric Assessment of Optic Nerve Sheath and Hypophysis
in Idiopathic Intracranial Hypertension

J. Hoffmann, C. Schmidt, H. Kunte, R. Klingebiel, L. Harms, H.-). Huppertz, L. Laidemann, and E. Wiener

ABSTRACT

BACKGROUND AND PURPOSE: Idiopathic intracranial hypertension is a headache syndrome characterized by increased CSF pressure.
Compression of the hypophysis and distension of the optic nerve sheath are reliable imaging signs. The purpose of the study was to
validate, in patients with idiopathic intracranial hypertension, MR imaging—based volumetric measurements of the optic nerve sheath and
hypophysis as an objective observation method for more accurate diagnosis and posttreatment follow-up.

MATERIALS AND METHODS: Twenty-three patients with idiopathic intracranial hypertension as well as age-, sex-, and body mass
index—matched controls underwent volumetric measurements of the optic nerve, optic nerve sheath, and hypophysis on high-resolution
T2-weighted MR images by using a 7-cm surface coil, followed by correlation with CSF opening pressures and clinical symptom scores of
visual disturbances and headache.

RESULTS: Mean values of optic nerve sheath (341.86 % 163.69 mm?® versus 127.56 =+ 53.17 mm?, P < .001) and hypophysis volumes (554.59 +
142.82 mm? versus 686.60 = 137.84 mm?>, P < .05) differed significantly between healthy and diseased subjects. No significant differences
between mean optic nerve volumes were observed. Receiver operating characteristic analysis showed optic nerve sheath volumes of
>201.30 mm?> (sensitivity, 86.96%; specificity, 91.30%) and hypophysis volumes of <611.21 mm? (sensitivity, 78.26%; specificity, 69.57%) to be
indicative of idiopathic intracranial hypertension diagnosis. In patients with idiopathic intracranial hypertension, no correlations were
found between optic nerve sheath and hypophysis volumes and CSF opening pressures or clinical scores of visual disturbances and
headache.

CONCLUSIONS: Semiautomated volumetric measurement of optic nerve sheath and hypophysis has the potential to more accurately
diagnose and follow patients with idiopathic intracranial hypertension.

ABBREVIATIONS: cc = correlation coefficient; IH = idiopathic intracranial hypertension; ON = optic nerve; ONS = optic nerve sheath

diopathic intracranial hypertension (ITH) is an uncommon
headache syndrome associated with elevated intracranial pres-
sure in the absence of a space-occupying lesion. Initially used
terms such as “meningitis serosa” coined by Quincke in 1893 or
“pseudotumor cerebri” by Nonne in 1904 are now obsolete and
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have been replaced in recent classifications by the descriptive de-

12 Because

nomination “idiopathic intracranial hypertension.”
ITH predominantly affects obese women of childbearing age and
the incidence of obesity in industrialized countries is growing, ITH
has been the focus of recent research. The underlying pathophys-
iologic mechanism of the disease is not fully understood. Diagno-
sis of ITH is based on clinical symptoms such as headache and
visual disturbances; characteristic neuroimaging findings,” in-
cluding a compression of the hypophysis (ie, empty sella); flatten-
ing of the posterior globe; and a dilated optic nerve sheath (ONS)
in combination with an opening pressure during lumbar punc-
ture of >25 cm H,O, with normal CSF parameters (modified
Dandy criteria).*® The diagnostic criteria have undergone several
modifications, and the disease is now defined in the Headache
Classification of the International Headache Society.” The inter-
pretation of subtle changes on MR images obtained for the initial
diagnosis or for follow-up after treatment can be challenging.
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We compared hypophysis and optic nerve sheath and optic
nerve (ON) volumes measured on high-resolution MR images in
patients with ITH and age-, sex-, and body mass index—-matched
controls to evaluate the potential of MR imaging—based volumet-
ric measurements as an objective method to diagnose ITH and
follow-up effects of treatment.

MATERIALS AND METHODS

The study was approved by the local ethics committee of the
Charité-Universititsmedizin Berlin. A statement of written in-
formed consent was obtained from all patients and healthy vol-
unteers participating in the study.

Patient Subjects

Clinical records of 190 patients with ITH referred to our clinic
between November 2005 and May 2010 were retrospectively
screened. We therefore searched the electronic medical records
system of the university hospital via retrieval algorithms for the
International Classification of Diseases-10 classification code
G93.2.8 We enrolled only patients with a minimum age of 18 years
at presentation and a definite diagnosis of IIH according to the
revised Dandy criteria: 1) signs and symptoms of increased intra-
cranial pressure (headache, nausea, vomiting, transient visual ob-
scurations, or papilledema); 2) no focal signs except abducens
nerve palsy; 3) CSF opening pressure of >25 cm H,O with normal
CSF composition; and 4) evidence of neither hydrocephalus,
mass, structural, or vascular lesion on MR imaging nor any other
cause of intracranial hypertension identified.” All patients were of
white descent. Exclusion criteria comprised systemic conditions
or medication that might have an effect on intracranial pressure,
inadequate follow-up, pregnancy or postpartum status, body
weight > 160 kg, and clinical history of surgical procedures affect-
ing CSF circulation (eg, shunting procedures or fenestration of
the ONS). Medical histories of 190 patients were analyzed to iden-
tify those who fully met the inclusion criteria. Because ITH is often
regarded as a diagnosis of exclusion, many of the retrospectively
identified patients had a probable ITH but did not fulfill all the
required criteria for the diagnosis and could, therefore, not be
included in the study. Other patients had additional diseases and
were therefore excluded from study participation. We found only
71 patients who definitely met the modified Dandy criteria. Fif-
teen patients were excluded by the exclusion criteria: shunt sur-
gery (n = 6), body weight > 160 kg (n = 3), pregnancy (n = 1),
and claustrophobia (n = 4). One patient (n = 1) fulfilled the
criteria for major depression (diagnosed by the Becks Depression
Inventory and Hamilton Rating Scale for Depression) and was
ruled out. Eighteen patients could not be reached; 15 refused par-
ticipation in the study.

The mean age of the remaining 23 patients (20 women, 3 men)
was 37.04 = 13.72 years (range, 20—63 years). The mean body
mass index was 33.51 * 7.67 kg/m” (range, 24.9-54.57 kg/m?).
All patients were carefully questioned about disease symptoms
by using a standardized clinical questionnaire (based on the
modified Dandy criteria and the diagnostic criteria established
by the International Headache Society). During hospitaliza-
tion, all patients with ITH underwent lumbar puncture, and
CSF opening pressures were obtained before MR imaging.
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Measurements of visual acuity and perimetry of the visual field
were performed.

Control Subjects

Twenty-three healthy controls of white descent were included by
using a match-to-pair technique regarding sex (n = 20 women,
n = 3 men, P = 1.0), age (mean, 37.91 = 11.84 years [range,
22-61 years], P = .819), and body mass index (mean, 33.56 *
7.01 kg/m” [range, 25.53-48.89 kg/m’], P = .982). Control sub-
jects were recruited from the obesity center of the University Hos-
pital and from the hospital staff. Exclusion criteria included a
known history of central nervous system disease or primary head-
ache syndromes (migraine, tension-type headache, trigeminal
neuralgia, cluster headache, hemicrania continua).

MR Imaging

MR imaging was performed on a 1.5T scanner (Avanto Magne-
tom; Siemens, Erlangen, Germany). A surface loop coil (medium
size, 70 mm diameter; Siemens) was used in addition to the cir-
cularly polarized head coil. The surface coil was placed over the
eye with maximum visual disturbances within the head coil and
fixed with tape. A coronal non-fat-saturated TSE sequence with a
TR 0of 6960 ms, a TE 0f 99 ms, an FOV of 85 X 85 mm?, a matrix size
of 256 X 256 mm? (in-plane resolution, 0.332 X 0.332 mm?), and
contiguous sections with a section thickness of 2 mm was used to
evaluate the ON and ONS. The acquisition time was 7 minutes 20
seconds. A sagittal non-fat-saturated T2-weighted TSE sequence
with a TR of 5170 ms, a TE of 99 ms, an FOV of 170 X 170 mm?, a
matrix size of 256 X 320 mm? (in-plane resolution, 0.664 X 0.531
mm?), and contiguous sections with a section thickness of 2 mm was
used to evaluate the hypophysis. The acquisition time was 5 minutes
27 seconds. Additionally, MR imaging of the whole brain, including
a time-of-flight venography (TR, 23 ms; TE, 6.5 ms; FOV, 250 X 250
mm?; section thickness, 2 mm; acquisition time, 7 minutes 40 sec-
onds) was performed to exclude intracranial pathology and venous
sinus thrombosis as a secondary cause of ITH and to identify venous
sinus stenoses.

Volume Segmentation

MR images were converted from DICOM into Neuroimaging In-
formatics Technology Initiative format by using the DICOM to
Neuroimaging Informatics Technology Initiative format con-
verter dem2nii  (http://www.mccauslandcenter.sc.edu/mricro/
mricron/decm2nii.html). Volume measurements were performed
by using Amira 5.3.2 (Visage Imaging, San Diego, California) ona
Debian Linux distribution. On each T2-weighted coronal image,
the ON and ONS were marked by a region of interest, starting
from the papilla and ending at the point of convergence of the
extraocular muscles at the tendinous ring of the orbital apex. The
mean number of sections was 12 with a section thickness of 2 mm
(Fig 3 and On-line Fig 1). On each T2-weighted sagittal image, the
hypophysis was marked with a region of interest. The mean num-
ber of sections was 4, with a section thickness of 2 mm (Fig 3 and
On-line Fig 1). Neuroradiologists were blinded with respect to the
subject group (patients with ITH versus healthy volunteers), and
the interobserver variability was calculated.
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FIG 1. Significance of measurements. A, Significance of ONS volume. Bar graph shows significant differences of mean ONS volumes and
corresponding ranges of patient and control groups. B, Significance of OS volume. Note a tendency toward an increased mean OS volume in
patients with IIH compared with controls, which, however, does not reach statistical significance. C, Significance of hypophysis volume. This bar

graph clearly shows significantly lower mean volumes of hypophysis in patients compared with controls.

Morphologic Analysis

The configuration of the hypophysis was classified into 4 catego-
ries according to a modification of the hypophysis/sella turcica
ratio of Yuh et al'® convex, mild concave (more than one-half the
height of the sella), severe concave (less than one-half the
height of the sella), and empty sella (= 2 mm). The appearance
of the superior boarder of the hypophysis was classified into
anterior and posterior or equal (without predominance of ei-
ther anterior or posterior deviation of the hypophysary stalk)
formation relative to the direction of displacement of the hy-
pophysary stalk.

The classification of stenoses was defined by the highest per-
centage of stenosis on axial images and maximume-intensity-pro-
jection images. Stenoses were categorized into either stenosis of
<50% or >50% of the lumen. Absence of any discontinuity was
classified as nonoccurrence of stenosis. Venous sinus stenoses
were classified into a left and/or right position as well as assigned
to the transverse or sigmoid sinus. The incidence of bilateral ste-
noses (stenoses in left and right transverse or sigmoid sinus) was

statistically listed as 2 stenoses.

Statistical Analysis

The volumetric data were analyzed by using XLSTAT, Version
2011.3.01 (Addinsoft SARL, New York, New York). The Student ¢
test was used to compare the group means. Statistical significance
was assumed at P < .05. The Pearson correlation coefficient and
correlation matrices were calculated to identify the strength of the
correlation of the different parameters. Receiver operating char-
acteristic analysis was used to select an optimal cut-point for pre-
diction and to assess the predictive value in terms of sensitivity,
specificity, and accuracy."! Selection of the optimal cut-point was
based on the Youden index (ie, the maximum sum of sensitivity
and specificity). The 95% confidence interval for the area under
curve was calculated by bootstrapping.

Interobserver variability was determined by calculating intra-
class correlation coefficients, including 95% confidence intervals,
for volumetric measurements of ON, ONS, and hypophysis vol-
umes by using PASW Statistics 18, release Version 18.0.0 (IBM,
Armonk, New York).

RESULTS

Clinical Profile of Patients with IIH

Sixteen (69.6%) patients presented with headache. The mean pain
intensity was 2.22 * 2.53 (range, 0.0—7.5) according to the visual
analog scale before examination, and a mean pain intensity max-
imum was 7.09 * 2.62 (range, 0.95-9.86) (visual analog scale).
Impaired vision was reported by 91.30% of patients with ITH. The
visual impairment was categorized according to the On-line Ta-
ble: worsening of visual acuity, 47.83%; flashes, 39.13%; transient
visual obscurations, 43.48%; scotoma, 73.91%; papilledema,
56.52%; blurred vision, 52.17%; and diplopia, 43.48%. No case of
optic nerve atrophy was observed. Of the 39.13% of patients re-
porting tinnitus, 44.44% characterized their tinnitus as pulsatile.
Light sensitivity (60.87%), noise sensitivity (52.17%), and vertigo
(60.87%) were common symptoms. Medical history revealed a
mean value of maximum CSF opening pressure of 37.61 * 6.93
cm H,O (range, 29.0-50.0 cm H,O) (On-line Table).

Comparison of Volume Parameters among Patients with
IIH and Controls

Patient mean ONS volume (On-line Fig 1A) was 341.86 * 163.69
mm?® (range, 105.61-796.57 mm?>), whereas control mean ONS
volume was 127.56 * 53.17 mm® (range, 29.24-239.00 mm?)
(P <.0001). Mean ON volume for patients (On-line Fig 1B) was
211.70 = 59.22 mm® (range, 125.67-319.00 mm?), and for con-
trols, 194.03 = 47.77 mm® (range, 126.56-342.61 mm?), with no
significant difference (P = .271). Mean hypophysis volume (On-
line Fig 1C) of patients with ITH was 554.59 =+ 142.82 mm” (range,
334.43—855.15 mm?); that of controls was 676.15 = 133.32 mm”
(range, 392.86-1045.65 mm>) (P < .005). The intraclass correla-
tion coefficient for ON volume was 0.940 (95% CI, 0.864—0.974);
for ONS volume, it was 0.947 (95% CI, 0.939-0.989); and for
hypophysis volume, 0.981 (95% CI, 0.957-0.992).

Cutoff Values

The receiver operating characteristic analysis (Fig 3 and Table)
revealed an optimal cutoff value of 201.30 mm® for mean ONS
volume, with a sensitivity of 86.96%, a specificity of 91.30%, and
an accuracy of 89.13% to distinguish those with IIH and healthy
controls. For mean hypophysis volumes, the optimal cutoff value

AJNR Am J Neuroradiol 35:513-18  Mar 2014 www.ajnr.org 515



was 611.21 mm”’, with a sensitivity of 78.26%, a specificity of
69.57%, and an accuracy of 73.91%. With area under the curve
values of 0.934 and 0.724, respectively, receiver operating charac-
teristic analysis showed significant group differences for mean
ONS volume (P < .0001) and for hypophysis volume (P < .005).
For mean ON volume, the receiver operating characteristic anal-
ysis showed no significant difference between the groups; the area
under curve was 0.580 (P = .338).

Morphology of the Hypophysis

Morphology of the hypophysis in patients with ITH showed
0 convex, 4 mild concave, 11 severe concave, and 8 empty sella
configurations, whereas controls had 13 convex (P <.05), 4 mild
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FIG 2. Receiver operating characteristic analysis curve for volumes of
ONS, ON, and hypophysis.

concave (P = .311), 3 severe concave (P < .05,) and 0 empty sella
cases (P < .05). In relation to the displacement of the hypophys-
ary stalk, 14 patients (60.87%) and 18 controls (78.26%) had
equal appearance of the superior border of the hypophysis (P =
.209). Eight patients (34.78%) and 4 controls (17.39%) were
found to have anterior deviation of the stalk (P = .187), whereas 1
patient (4.35%) and 1 control (4.35%) showed posterior devia-
tion (P = 1.0).

Venous Sinus Stenoses

Nine venous sinus stenoses were detected in 6 patients with ITH,
compared with 1 stenosis in the control group (P < .05). In both
groups, no stenosis of <50% of the lumen was detected. Among
patients with ITH with detected venous sinus stenoses, 3 showed
bilateral transverse sinus stenosis, while 3 had unilateral stenoses
(1 stenosis in the left transverse sinus and 2 stenoses in left sinus
sigmoideus). The control subject with the identified venous sinus
stenosis had 1 stenosis in left transverse sinus. In both groups, no
stenoses in only the right venous sinuses were detected.

Correlation of Volume Measurement with Clinical
Findings

Within the ITH group or the control group, ONS and hypophysis
volume correlated with neither CSF maximum opening pressures
(ITH: correlation coefficient [cc] = 0.0307, P = .892; control: cc =
0.2055, P = .359) nor with the severity of visual disturbances (ITH:
cc = 0.0777, P = .725; control: cc = 0.2237, P = .305). In patients
with IIH, maximum headache intensities did not correlate with
CSF maximum opening pressures (cc = 0.0964, P = .669), ONS
(cc = —0.1347, P = .540) or hypophysis volume (cc = —0.3490,
P =.103).

DISCUSSION
Imaging findings in ITH are often subtle, and the radiologic signs
have a strong component of subjective interpretation. Therefore,

FIG 3. Voxel-based analysis of control MR images of healthy controls and normal configuration of the ONS and hypophysis. A, Axial scan with
segmentation of ONS volume (red). B, Coronal scan with selection of ONS (yellow) and ON (red) volume segmentation. C, Midsagittal scan
shows normal configuration of the hypophysis.

Area under the receiver operating characteristic curve and cut-off values

95% Cl
Parameter (Volume) AUC SE P Lower Bound Upper Bound Cut-Off Value® (mm)
ONS 0.934 0.027 <.0001 0.881 0.987 20130
ON 0.580 0.084 338 0.416 0.745 228.64
Hypophysis 0.724 0.076 .003 0.574 0.874 611.21

Note:—AUC indicates area under the curve.
2 Calculated with the Youden Index (Y = Sensitivity + Specificity-1).
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the radiologic diagnosis is critically affected by the experience of
the radiologist.

Several recent studies have reported significant correlations of
imaging findings, such as hypophysis compression and empty
sella, ONS distension, and ON tortuosity, with the diagnosis of
[IH.>*'*> Measurements of ONS diameters demonstrated wider
ONS in individuals with ITH.>'> On the other hand, a few studies
have questioned these findings as not being statistically signifi-
cant.>'*!> Morphologic studies of the hypophysis in ITH were
more consistent and showed a significant reduction of the ratio of
the hypophysis to the sella turcica in patients with ITH.'>'* Rele-
vance of slit-like ventricular morphology'® was postulated in early
reports, but subsequent studies dissented from this hypothesis by
verifying normal ventricle configuration in patients with ITH."”

We have shown that volumetric measurements of ONS and
hypophysis volumes can be used to accurately diagnose patients
with ITH. ONS volumes of >201.30 mm? (sensitivity, 86.96%;
specificity, 91.30%; accuracy, 89.13%) and hypophysis volumes
of < 611.21 mm? (sensitivity, 78.26%; specificity, 69.57%; accu-
racy, 73.91%) were significantly associated with the diagnosis of
ITH. In comparison with previous studies by using metric analysis
of ONS (sensitivity, 66.7%; specificity, 82.1%; accuracy, 76.73%)
and hypophysis (sensitivity, 53.3%; specificity, 75%; accuracy,
67.44%), volumetric measurements increase the diagnostic reli-
ability,” including low interobserver variability. Brodsky® ob-
served an increased ONS diameter in 9 of 20 patients (45%),
whereas our findings showed a dilated perioptic subarachnoid
space in 20 of 23 patients (86.96%). Among patients with ITH, we
did not observe a significant correlation between imaging findings
and CSF opening pressure (ONS: cc = 0.0307, P = .892; hypoph-
ysis: cc = 0.2055, P = .359). Therefore, the results suggest that
abnormal imaging findings may not be exclusively a direct result
of elevated CSF pressure. Consequently, definite diagnosis (ie,
according to the revised Dandy criteria) still requires liquor punc-
ture (intracranial pressure > 25 cm H,0).’

The underlying cause of ITH still remains largely unknown,
but the hypotheses of increased CSF production, reduced CSF
absorption, and venous outflow obstruction as well as metabolic
alterations are discussed.'®'® Venous sinus stenoses may lead to
increased resistance in venous drainage and, as a consequence, to
increased intracranial pressure. It is controversially debated
whether obstructed venous drainage is the primary mechanism or
is secondary to another pathologic process. In this context, com-
pressed venous sinuses may also be the result of external compres-
sion*** by increased intracranial pressure. Galgano and De-
shaies®® stated that flow-related artifacts in noncontrast MR
venography may be challenging to distinguish from pathologic
venous sinus stenosis. Therefore, venous sinus abnormalities in
ITH have to be assessed carefully.>>>° We did observe venous sinus
stenoses in 6 patients with ITH and in 1 healthy control. In the
present study, TOF-MR venography was performed to identify
venous sinus abnormalities. However, detection of stenosis defi-
nitely depends on the imaging technique used. Compared with
contrast-enhanced MRA or DSA and even though analyzed by a
highly experienced neuroradiologist, results are slightly more
prone to misinterpretation, owing to the underlying technical

27,28

limitations of TOF-MR venography.

In our study, the mean ON volume of patients was slightly
increased compared with that in controls (211.7 mm® versus
194.03 mm?, On-line Fig 1B), but this effect was not statistically
significant (P = .271; sensitivity, 43.48%; specificity, 82.61%). It
has been assumed that increased intracranial pressure leads to
increased transmission of CSF into the intraorbital ONS, which
impedes axoplasmic transport of synaptic vesicles, organelles, and
molecules followed by optic nerve fiber swelling and flattening of
the posterior globe.29 Yet, we have not found a correlation of
intracranial pressure and volume parameters supporting this hy-
pothesis. Neither the degree of hypophysis compression nor the
distention of ONS was augmented with increasing intracranial
pressure. These results are in agreement with the observation that
reduction of intracranial pressure by lumbar puncture has only a
temporary effect.’® Furthermore, these findings indicate that
macroscopic deformations are indirect or comorbid changes
rather than direct results of increased intracranial pressure.
Therefore, it remains unclear in which way and to what extent the
CSF space is affected in response to increasing intracranial pres-
sure. We have considered the body mass index, which is especially
important due to the strong association between IIH and
obesity.'®?!3?

Morphologic signs become clearly visible only in advanced
disease stages on conventional MR imaging analysis, whereas vol-
umetric measurements allow an improved diagnostic reliability
and possibly earlier detection, with potential impact on monitor-
ing treatment efficacy. In a routine radiologic setting, image post-
processing with quantitative analysis as previously specified can
be achieved rapidly (=10 minutes) by experienced radiologists.
Software-assisted volumetric measurement has the potential to
facilitate decision-making due to objective statistical parameters.

Possible automatization of measurement procedures could
provide even faster and more reliable ways of assessment.”*>” Our
relatively small study sample represents a potential limitation and
requires confirmation by subsequent investigations.

CONCLUSIONS

As opposed to MR imaging—based metric measurements of hy-
pophysis and ONS in patients with ITH, which have a confined
diagnostic value due to their limited reproducibility and strong
observer dependency, semiautomated volumetric analysis has the
potential to objectify diagnosis and follow-up procedures by re-
ducing interobserver bias.
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