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ABSTRACT

BACKGROUND AND PURPOSE: Changes at the optic nerve head on DWI in the presence of papilledema have not been systematically
studied. The purpose of this study was to evaluate if hyperintensity of ON heads on DWI is associated with papilledema.

MATERIALS AND METHODS: In this retrospective study, 19 patients (4 men, 15 women; median age, 32 years) with papilledema and 20
control participants (7 men, 13 women; median age, 48 years) who had undergone prior MR imaging of the brain were identified. Two
neuroradiologists blinded to the diagnosis independently reviewed the DWI for the presence of hyperintense signal at the ON head of
each eye. If present, they graded the signal as mild or prominent. Groups with and without papilledema were compared for the prevalence
of ON head hyperintensity by using the Fisher exact test, with analyses performed both for groups of patients and for individual eyes.
Presence of ON head hyperintensity was also studied as a function of Frisen papilledema grade on fundoscopy, when available.

RESULTS: Hyperintensity of the ON heads on DWI was significantly associated with papilledema (P = .001). For the 2 readers, hyperin-
tensity at both ON heads was 26.3% and 42.1% sensitive and 100% specific in the detection of papilledema. The presence of unilateral ON
head hyperintensity was not specific for papilledema and was invariably graded as mild when seen in the control group. Patients with higher
papilledema grades had a higher prevalence of hyperintensity at the ON heads.

CONCLUSIONS: Hyperintensity of the ON heads on DWI can serve as a useful imaging marker for papilledema, especially if bilateral. Its

absence, however, does not exclude papilledema.

ABBREVIATION: ON = optic nerve

P apilledema is defined as swelling of the optic disc secondary to
increased intracranial pressure, often occurring in the setting
of intracranial space-occupying lesions, intracranial inflamma-
tion, venous sinus thrombosis, hydrocephalus, and idiopathic in-
tracranial hypertension (pseudotumor cerebri).' Although MR
imaging is primarily used in an attempt to elucidate the cause of
the papilledema, MR imaging may, at times, provide the first in-
dication of underlying papilledema, particularly in those patients
with headache in whom fundoscopic examination has not yet
been performed or has not been able to detect papilledema given
its less-than-perfect sensitivity because of factors such as patient
cooperation and examiner skill.** This ability of MR imaging to
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identify otherwise unsuspected papilledema is especially impor-
tant in patients with idiopathic intracranial hypertension, in
whom the diagnosis often hinges on the recognition of
papilledema.

Several signs relating to papilledema have been described on
MR imaging, including flattening of the posterior sclera, intraoc-
ular protrusion of the prelaminar ON, orbital ON tortuosity, dis-
tention of the perioptic subarachnoid space with fluid, prelaminar
ON enhancement with gadolinium, and empty sella. Although
these signs have been found to be present in affected patients, the
reported sensitivity and specificity of the signs are variable. Al-
though some studies have indicated that MR imaging can identify
papilledema with sensitivity and specificity of more than 90%,
other studies have indicated that almost all of these signs (with the
exception of altered globe configuration at the ON head) may be
observed in control participants, making them nonspecific.°® An
additional imaging sign of papilledema could improve the diag-
nostic ability of MR imaging in patients with headache. We have
anecdotally observed hyperintensity of the ON head on DWI in
some cases of clinically proven papilledema. Although this has
been previously described in a case report,” the ability of this sign



FIG1. Axial DWI at the level of the ON heads in a control participant (A) and in 2 patients with clinically proven papilledema (B and C) showing
lack of any hyperintensity at the ON head in the control participant, with a signal at the ON heads less than that of the globe margins. In contrast,
mild (B) and prominent (C) hyperintensity at the ON heads is observed in patients with papilledema, with signal intensity minimally and
substantially higher compared with the globe margins.

to distinguish patients with papilledema from healthy control
participants has not been systematically studied.

The purpose of this study is to evaluate whether hyperintensity
of the ON head on DWI is statistically more likely to occur in
patients with clinically proven papilledema than in unaffected
control participants.

MATERIALS AND METHODS

Patients

This study was retrospective in nature and received approval from
our institutional review board. Using the data base from our
neuro-ophthalmology clinic and our in-house radiology report
search engine, we identified 19 patients (4 men, 15 women; me-
dian age, 32 years) with documented papilledema who had previ-
ously undergone MR imaging of the brain and orbits (On-line
Table). These included 18 patients with established diagnosis of
idiopathic intracranial hypertension and 1 patient with papill-
edema in the setting of multiple intracranial metastases. Details of
fundoscopic examination were available in 17 of these patients, 15
examinations being performed by an experienced neuro-ophthal-
mologist. With the exception of 1 patient in whom the papill-
edema was described as moderate in both eyes, Frisen papill-
edema grading of each eye had been documented in these
patients. All 16 had Frisen papilledema grade II or greater in at
least 1 eye. Eleven patients had a grade of I or greater in at least 1
eye, and 4 had a grade of IV or greater in at least 1 eye (On-line
Table). All MR imaging included DWI and had been obtained
between January 2010 and September 2011.

From the corresponding time, we also identified 20 control
participants who had undergone MR imaging of the brain and
orbits for unrelated reasons, with either fundoscopic documenta-
tion of absence of papilledema (n = 6) or no clinical indication to
suspect increased intracranial pressure after detailed review of the
clinical charts at the time of MR imaging or at subsequent fol-
low-up (n = 14). The control group included 7 men and 13
women with a median age of 48 years. Additional exclusion crite-
ria for the control group included intracranial mass identified on
MR imaging; optic neuropathy from ischemic or other causes; a
history of visual loss; a mass compressing the optic nerve/chiasm/
tracts; and a history of orbital surgery, diplopia, isolated cranial
nerve palsy, or glaucoma. Of the 6 control participants with doc-
umentation of fundoscopic examination available, the median

time between fundoscopy and MR imaging was 7 days (mean, 11
days).

MR Imaging and Evaluation

MR imaging was performed on 1.5T (Symphony, Esprit, or So-
nata; Siemens, Erlangen, Germany) or 3T (Trio; Siemens) scan-
ners. The DWI was performed according to EPI technique (TR,
average 3300 ms; TE, average 100 ms; section thickness, median 5
mm [range, 5-7 mm]; gap, 1.5 mm). The diffusion-weighted se-
quence (b = 1000 s/mm?) for each patient was selectively trans-
ferred to Vital Connect (Vital Images, Minnetonka, Minnesota).
To avoid the confounding effects of other signs of papilledema, we
did not make ADC maps and DWI images with b-values of 0 and
500 available to the readers. Two attending neuroradiologists, one
with more than 10 years of experience and the other with 6 years
of experience, independently and blindly evaluated the DWI part
of the MR imaging of these patients. The studies from control
participants and patients were presented to the readers in random
order. The readers commented on the presence of hyperintensity
on the DWI at each ON head. The readers also subjectively cate-
gorized hyperintensity at the ON head, if present, as mild or
prominent (Fig 1). The appearance of the wall of the globe was
taken as reference for assessment of the ON head signal intensity.
A signal intensity equal to or less than that of the visualized por-
tions of the globe margin was considered normal, whereas a signal
intensity distinctly higher compared with the globe margin was
considered as prominent hyperintensity. A signal only slightly
higher than that of the sclera was considered to represent minimal
hyperintensity.

Statistical Analysis

The prevalence of ON head hyperintensity on DWI found in the
patients with papilledema was compared with that found in the
control participants by use of a 2-tailed Fisher exact test. Four
comparisons were made for each reader: 1) patients with papill-
edema with DWT hyperintensity at 1 or both ON heads vs control
participants with DWT hyperintensity at 1 or both ON heads, 2)
patients with papilledema with DWTI hyperintensity at both ON
heads vs control participants with DWI hyperintensity at both
ON heads, 3) patients with papilledema with DWT hyperintensity
at only 1 ON head vs control participants with DWT hyperinten-
sity at only 1 ON head, and 4) the total number of eyes positive in
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Table 1: Presence of DWI hyperintensity at ON heads in patients with papilledema and control participants

Control Participants (n = 20)

Patients (n =19)

1Eye Both Eyes 1/Both Eyes 1Eye Both Eyes 1/Both Eyes
Reader 1 5.0% (1/20) 0% (0/20) 5.0% (1/20) 26.3% (5/19) 26.3% (5/19) 52.6% (10/19)
Reader 2 10.0% (2/20) 0% (0/20) 10.0% (2/20) 36.8% (7/19) 421% (8/19) 78.9% (15/19)

Table 2: Fisher exact test P values for difference between
patients with papilledema and control participants

Table 3: Presence of DWI hyperintensity at ON heads based on
total number of patient eyes

1Eye Both Eyes 1/Both Eyes
Reader 1 .091 .020 .001
Reader 2 .065 .001 <.001

patients with papilledena compared with the total number of eyes
positive in controls. Sensitivities and specificities for the detection
of papilledema were calculated for each reader. Finally, associa-
tion of Frisen papilledema grade of each eye with the correspond-
ing degree of ON head hyperintensity on DWI was studied with
the linear-by-linear association test for a doubly ordered contin-
gency (R X C) table, in which both rows and columns have a
natural ordering.

We tested interobserver variability by using 3 statistics. The
McNemar test was used to test for differences in paired propor-
tions (for instance, the percentage of cases called negative by ob-
server 1 vs observer 2). For the patients, chance-corrected agree-
ment was assessed with the k statistic. For the control participants,
because the proportion of positive cases was low (<5%), the use
of k was misleading for assessing agreement; therefore, overall
percent agreement was calculated. Ninety-five percent (95%)
confidence intervals were calculated for overall percent agree-
ments. The level of statistical significance was set at .05.

RESULTS

Both readers independently found that ON head hyperintensity
on DWTI is more likely to be observed in patients with papilledema
than in control participants, regardless of whether the ON head
hyperintensity was present in 1 eye or in both eyes (Tables 1 and
2). The results were statistically significant when comparing either
1 or both eyes positive and both eyes positive across groups, and
trended toward but did not reach statistical significance when
comparing 1 eye positive across groups. If an MR imaging result
was considered positive if 1 or both ON heads demonstrated dif-
fusion hyperintensity, then the sensitivities for the detection of
papilledema were 52.6% to 78.9%, but the specificities ranged
from 90.0% to 95.0% for the 2 readers. If an MR imaging result
was considered positive only if both nerve heads demonstrated
restricted diffusion, then the sensitivities for the detection of pap-
illedema were 26.3% to 42.1% for the 2 readers, whereas the spec-
ificities were 100% for both readers. If eyes were analyzed inde-
pendently, DWI hyperintensity was also more likely to be seen in
the eyes of the patients with papilledema as opposed to the eyes of
the control participants (Table 3).

The 16 patients with papilledema who had Frisen grading of
papilledema were stratified according to grade. The results are
reported in Table 4 and demonstrate increasing sensitivity for the
detection of papilledema with increasing Frisen grade. A total of
100% of patients with Frisen grade IV or V papilledema demon-
strated positive DWT hyperintensity at the ON head in at least 1

1440 Viets Jul 2013 www.ajnr.org

Control Participants Patients
40 Total Eyes 38 Total Eyes P Value
Reader 1 2.5% (1/40) 39.5% (15/38) <.001
Reader 2 5.0% (2/40) 60.5% (23/38) <.001

eye. For both observers, the null hypothesis of no association be-
tween Frisen grades and the ON head hyperintensity was rejected
(linear-by-linear association test, P < .01).

The hyperintensity of the ON head was graded as mild in most
positive cases. Although a prominent degree of diffusion restric-
tion was present only in a small number of patients (4/19 [21.2%]
for reader 1 and 2/19 [10.5%] for reader 2), it was not observed in
any of the control participants, with the specificity of this sign
being 100% for the diagnosis of papilledema. In all cases of prom-
inent hyperintensity noted by the readers, diffusion hyperinten-
sity was present in both eyes.

As part of the interobserver variability analysis, the McNemar
test indicated no difference between observers in proportions
called positive or negative. The k value for patients indicated
moderate agreement for the left and right eyes. For control par-
ticipants, the overall percent agreement was =90%.

DISCUSSION

To the best of our knowledge, diffusion restriction at the ON head
as a potential marker for papilledema has not been previously
evaluated in a systematic manner. The results of this study indi-
cate that diffusion hyperintensity at the ON head is associated
with a clinical diagnosis of papilledema and can serve as a sugges-
tive imaging sign of that diagnosis. Although a multitude of other
signs for papilledema have been previously described, high sensi-
tivity and specificity reported initially for many of these signs have
not been reproduced in subsequent studies.®® In view of this,
visual assessment of the ON heads for the presence of a hyperin-
tense signal on DWI can provide another helpful indicator of
underlying papilledema to the radiologist.

The calculated specificity of this sign is excellent; however, the
overall sensitivity is poor. This implies that although the presence
of ON head hyperintensity on DWI may prove useful in making a
confident diagnosis of papilledema, its absence should not be
construed as absence of papilledema. One still should look for
other imaging signs of papilledema to maintain a high degree of
overall sensitivity. It should be noted that the sensitivity of the sign
does seem to increase as the Frisen papilledema grade increases,
which may prove useful in practice.

Evaluation of the ON head in our study was done on standard
brain DWI. At our institution, DWI is performed by use of the
echo-planar technique, which allows for quick image acquisition
but creates significant magnetic susceptibility artifacts that can be
particularly problematic in the region of the orbits because of



Table 4: Presence of DWI hyperintensity at ON heads in patients stratified by Frisen papilledema grade

Grade Il or Higher

Grade Il or Higher Grade IV or Higher

Patients Total Eyes Patients Total Eyes Patients Total Eyes

(n=16) (n=28) (n=") (n=19) (n=4) (n=7)
Reader | 56.3% (9/16) 42.9% (12/28) 63.6% (7/M) 57.9% (11/19) 100.0% (4/4) 85.7% (6/7)
Reader 2 81.3% (13/16) 64.3% (18/28) 81.8% (9/1) 78.9% (15/19) 100.0% (4/4) 85.7% (6/7)

FIG 2. Axial diffusion-weighted image (A) and ADC map (B) in a patient with clinically proven
papilledema showing prominent hyperintensity at both ON heads with a corresponding hypoin-
tense signal on the ADC map suggestive of restricted diffusion.

susceptibility effects of air in the sphenoid sinus, sphenoid bone,
or orbital fat.” In addition, our DWI technique uses relatively
thick sections, which include gaps between the images. Although
the readers did not assess the quality of images—indeed they
found that they could confidently identify the signal characteris-
tics of the ON heads in all patients—it is possible that the suscep-
tibility or section-thickness effects could have precluded the iden-
tification of diffusion hyperintensity at the ON head in some
patients, potentially lowering the sensitivity. Whether more ded-
icated MR imaging techniques optimized for orbital diffusion im-
aging can improve the sensitivity of this sign is beyond the scope
of our study and would need prospective evaluation of patients
with papilledema.

Although the blinded readers did not directly assess the ADC
maps, the evaluation of these maps by 2 of the authors did show a
corresponding hypointense signal relative to the surrounding
sclera. This finding indicates that the diffusion hyperintensity at
the ON head is likely true diffusion restriction (Fig 2). The under-
lying mechanism causing this diffusion restriction is unclear. The
present doctrine regarding the pathophysiologic mechanism of
papilledema is that of axoplasmic stasis within the ON, with dif-
fering theories as to the origin of the stasis.'® The more commonly
held belief is that mechanical compression from high intracranial
pressure causes axoplasmic buildup and, thus, prelaminar ON
distention. A competing hypothesis states that high intracranial
pressure actually compresses the ciliary circulation causing isch-
emia to the axons of the optic nerve, which in turn causes a dis-
ruption in axoplasmic flow and results in prelaminar ON disten-
tion. This ischemic hypothesis has been supported by several
studies."' ' Although our results would seem to point more to-
ward the ischemic hypothesis, it should be noted that our study
was restricted to the evaluation of the appearance of the ON head
vs the entire length of the optic nerve. More studies with DWI
using thinner sections thickness capable of evaluating the entire
length of the optic nerve will be needed to explore this further.

Other causes of diffusion restriction of the ON have been de-
scribed in the literature. Several case reports have described dif-

fusion restriction along the ON as a
marker of infarction in ischemic optic

14-19 with other studies mention-

neuritis,
ing ON diffusion restriction in the setting
of infection, idiopathic orbital inflamma-
tory syndrome, cellulitis, and orbital lym-
phoid lesions.”?>?! Although these re-
ports describe the signal characteristics
along the length of the ON, we have
mainly focused on the appearance of the
ON head (Figs 1 and 2).

The case report describing diffusion
restriction in the presence of papilledema
noted that the restriction had resolved after removal of the tumor
that caused the increased intracranial pressure.” This suggests that
the diffusion restriction may not be a marker of irreversible dam-
age secondary to ischemia but, instead, may be a marker of a
metabolic disruption, which may resolve with treatment of the
increased pressure. In this case, this sign of papilledema may turn
out to be reversible, as with several of the other imaging signs of
papilledema.?? Further studies will be needed to elucidate the ex-
act cause of the restricted diffusion.

In approximately half of our patients with papilledema in
whom hyperintensity at the ON head was noted on DWI, the
finding was unilateral. This may be because studies have shown
that papilledema grade is often different between eyes, and our
results indicate a trend toward lower incidences of diffusion hy-
perintensity for lower Frisen papilledema grades.'® In addition,
the section thickness and section gaps may help explain why a
substantial number of our patients with papilledema had only
unilateral findings.

It is known that some patients with increased intracranial
pressure will go on to progressively lose their vision during a pe-
riod of years.>>>> However, no imaging signs have been described
to date that can serve as a potential prognostic marker for subse-
quent visual loss. Although we did find that a higher percentage of
patients with grades IV and V papilledema had diffusion hyper-
intensity at the ON head, we did not make any attempt in our
study to try and correlate this presumed diffusion restriction with
concomitant or subsequent visual loss. In addition, it is known
that papilledema grade does not perfectly correlate with visual
field loss or intracranial pressure.'®*® Future studies will be
needed to evaluate diffusion restriction as a prognostic factor for
subsequent vision loss in patients with idiopathic intracranial
hypertension.

Our study had several limitations. First, the study population
was small and it is unclear how these results would hold in larger
populations. Although all of the case patients had a clinical diag-
nosis of papilledema, fundoscopy was not available in 2 of them.
None of the control participants had any evidence of increased
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intracranial pressure or papilledema in their medical records;
however, fundoscopy was not available in most of these partici-
pants. Also, we did not use quantitative evaluation of the ADC
values of the ON head to further substantiate our results. The
rationale for not showing the readers the ADC maps was that
some of the MR imaging signs of papilledema, such as deformity
of the globes, are much more readily appreciable on ADC maps
and could have potentially alerted the readers of the underlying
diagnosis, thereby inducing bias. In addition, the ADC measure-
ments of the ON head could be challenging because of the small
size of the ON head, and there is the potential of partial volume
averaging with adjacent structures of markedly different diffusion
characteristics, such as the vitreous humor. However, these limi-
tations did not negate our main conclusion that diffusion restric-
tion at the ON head on DWI is seen significantly more often in
patients with papilledema. Finally, we did not compare our results
to the presence of “typical” findings of papilledema to see if ON
head-reduced diffusion occurred independent of other imaging
findings of papilledema.

The results have distinct clinical implications. Almost every
brain MR imaging performed in current practice, with very few
exceptions, includes a diffusion-weighted sequence. Neuroradi-
ologists and others who evaluate these sequences can easily scan
the posterior globes for diffusion restriction and, if present, can
alert the referring clinician to the possibility of increased intracra-
nial pressure.

CONCLUSIONS

The presence of hyperintensity on DWT at the ON head seems to
be a reliable imaging marker of papilledema. This sign seems to
have excellent specificity, especially when the hyperintensity is
bilateral and/or prominent. Its sensitivity, though modest, im-
proves significantly at higher papilledema grades.
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