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The efficacy of orbital ultrasonography and magnetic resonance
imaging findings with direct measurement of intracranial
pressure in distinguishing papilledema from pseudopapilledema
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Abstract
Introduction The goal of this study was to evaluate the utility
of orbital ultrasonography and magnetic resonance imaging in
the diagnosis of idiopathic intracranial hypertension (IIH).
Method We reviewed the medical records of patients referred
to our department for suspected IIH.
Results Seven children were diagnosed with IIH. Nine chil-
dren revealed pseudopapilledema by optic coherence tomog-
raphy and/or orbital ultrasonography. When the axial se-
quences were reexamined, patients with papilledema had op-
tic nerve sheath (ONS) enlargement (6.62 ± 0.70 mm); pa-
tients with pseudopapilledema had ONS diameter as
4.62 ± 0.64 mm. There was a significant correlation between
the CSF opening pressure and ONS diameter (p < 0.005,
r = 0.661). In the papilledema group, the presence of proposed
subtle markers as increased tortuosity in the optic nerve was
found in six patients. Five of seven patients had a target sign,
intraocular protrusion of the optic nerve, and posterior globe
flattening.
Discussion Ophthalmological review is important to avoid
unnecessary procedures for detection of true papilledema.
ONS diameter is a reliable neuroimaging marker as other sub-
tle markers.
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Introduction

Papilledema is a hallmark finding in patients with idiopathic
intracranial hypertension (IIH) who frequently present with
headache, vomiting, and visual symptoms due to elevated
intracranial pressure (ICP) in the absence of a space-
occupying lesion, venous sinus thrombosis, or central nervous
system inflammation [1, 2]. Early diagnosis of papilledema
enables timely evaluation and management. IIH is typically
treated with pharmacotherapy, repeated lumbar punctures,
and/or surgical intervention, in order to prevent visual disabil-
ity, a risk associated with IIH [3, 4]. However, the diagnosis is
not always straightforward. Pseudopapilledema is a benign
elevation of the optic nerve head which can be congenital
anomalies associated with disc elevation, hyperopic disc, or
optic nerve head drusen. The discrimination between
papilledema and pseudopapilledema can be a challenging
yet critical distinction to make [1, 2]. Therefore, a substantial
number of patients undergo various procedures for diagnostic
purposes of IIH. These techniques include magnetic reso-
nance imaging (MRI) of the brain and orbits, orbital ultraso-
nography (USG), and lumbar puncture to measure intracranial
pressure [5–7]. Among these procedures, orbital USG is a
reliable tool to assess buried drusen; that is rapid, noninvasive,
cost effective, and poses minimal risk to patient safety [6].

MRI is the imaging of choice in IIH, in excluding other
causes of ICP. MRI signs associated with papilledema include
posterior flattening of the globe, protrusion of the optic nerve,
widening of the optic nerve sheath, tortuosity of the optic
nerve, and presence of optic nerve head hyperintensity on
diffusion-weighted imaging [5, 8, 9]. Whether these findings
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truly assist clinicians in establishing the diagnosis of IIH or
generate a number of overdiagnoses remains unclear.

To the best of our knowledge, no studies thus far have
examined the correlation between orbital USG and MRI signs
and direct ICP measurements in the differentiation of
pseudopapilledema from papilledema in pediatric patients.
The goals of this study were to evaluate the correlation be-
tween the orbital USG and MRI signs and optic nerve sheath
diameter (ONSD)measurement and direct ICPmeasurements,
and to test the sensitivity and specificity of ONSD measure-
ment by MRI.

Method

We performed a retrospective, blinded, observational study in
pediatric patients who were referred to our tertiary pediatric
neurology department for suspected IIH and/or papilledema.
The institutional board of Gazi University approved the study.

Study setting and population

This study was conducted at a tertiary center University
Hospital Pediatric Neurology Department. Patients were en-
rolled between March 2014 and January 2016.

Study protocol

We retrospectively reviewed the medical records of all pa-
tients referred to our tertiary pediatric neurology department
for suspected IIH and/or papilledema between 2014 and 2016.
Patients with either papilledema or pseudopapilledema wheth-
er having any of the following complaints of headache,
vomiting associated with IIH, visual disturbances with brain
MRI, and lumbar cerebrospinal fluid (CSF) opening pressure
are included the study. Brain MRI was performed without
anesthesia. All patients underwent lumbar punction before
being examined in detail by an ophthalmologist in our tertiary
center.

We noted the history and performed the systemic and neu-
rological examination of the children. Data including demo-
graphic features, clinical symptoms, physical examination,
brain imaging, CSF analysis, diagnosis, treatment, and clinical
outcome after treatment were collected. Patients with
papilledema or pseudopapilledema were reevaluated with
MRI by one of the authors (KA) who is the most experienced
and educated physician on MRI interpretation in the group.
The reviewer was blinded to the results of all other clinical
information. (1) Enlargement of the optic nerve sheath was
measured at the point 5 mm posterior to the globe on an axial
T2-weighted image and proposed a Btarget sign^ was also
performed on coronal T2 sequences. If the mean ONSD was
greater than 5 mm in diameter, it was considered as abnormal

and meaningful for IIH [10, 11]. (2) Posterior globe flattening
was described as loss of normal curvature and straightening of
the globe. (3) Intraorbital protrusion of the optic nerve was
described as a concave appearance of the globe. (4) Increased
tortuosity in the optic nerve was described as horizontal tor-
tuosity of the optic nerve on an axial T2-weighted image.

Detailed ophthalmologic evaluation including best
corrected visual acuity, slit lamp and fundus examination, B-
mode USG, optic coherence tomography (OCT), color fundus
photographs and fundus autofluorescence (FAF) imaging, and
visual field assessment was also performed by the pediatric
ophthalmology department.

The statistical analyses were performed using SPSS ver-
sion 20.0 software (SPSS, Inc., Chicago, IL, USA).
Correlation coefficient values were calculated for comparing
the CSF opening pressure and the mean width of the optic
nerve sheath.

Results

During the study period, 20 children aged 3–17 years were
referred to us with a putative diagnosis of IIH and/or
papilledema. Four patients were excluded due to insufficient
data or inadequate follow-up. A total of 16 children were
included in this study. Initial clinical symptoms presented be-
fore referral and opthalmological review and details of inves-
tigations performed are shown in Table 1.

The diagnoses were confirmed following tertiary
opthalmological review. Seven children were finally diag-
nosed with IIH. An ophthalmologic examination in nine chil-
dren with pseudopapilledema revealed asymmetric disc swell-
ing in one, optic disc drusen in four, crowding of nerve fibers
in the small disc in two, and nonspecific or normal appear-
ances in two children by FAF, OCT, and/or B-scan USG.

In the seven children with confirmed diagnosis of IIH,
complaints and symptoms included headaches, visual distur-
bances, and vomiting. Headache was continuous in the major-
ity of children (4 out of 7.57%) and followed by diplopia (3
out of 7.42%) and vomiting-associated IIH (3 out of 7.42%).
Two patients were asymptomatic and had relapsed after 1 year.
The duration of symptoms before presentation was less than
1 month in all symptomatic children. Obesity was seen in only
one patient. Among the children diagnosed with IIH, lumbar
puncture to measure opening CSF pressures had a mean of
55 cm H2O (range of 34–95 cm H2O). CSF biochemistry and
cytology were normal. Brain MRI revealed the absence of an
intracranial mass lesion or ventricular dilatation, and magnetic
resonance venography (MRV) was unremarkable in all pa-
tients. Laboratory investigations including biochemical pro-
file, thyroid and parathyroid hormones, ANA, rheumatoid
factor, and vitamin B12 and vitamin D levels were within
normal limits.
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Of the seven children, five children were cooperative for
normal visual acuity testing by Snellen chart and field assess-
ment. Visual acuity and field assessment were normal in five
children. Acetazolamide was started in all children. Five pa-
tients were asymptomatic within 1 week of treatment.
Papilledema resolved by 1 month in all patients. Drugs were
tapered and stopped over 6 months and none of the patients
had relapse at follow-up.

After further ophthalmologic review at our tertiary care
center, four children received confirmed diagnoses of
pseudopapilledema due to optic disc drusen (Fig. 1). Two
children had no complaints nor any symptoms including head-
ache or visual deficiencies. Of the two children, one patient
had nonspecific vomiting and nausea, and the other patient
had headache and photophobia for 2 years. She was diagnosed
with migraine and treatment was initiated for migraine. All
patients underwent lumbar puncture under the initial diagnosis
of IIH, with a normal mean opening pressure and without an
intracranial mass or ventricular dilatation in brain MRI. The
other five patients with pseudopapilledema or normal exami-
nation findings had also normal opening CSF pressure and
brain imaging. Their symptoms were the occasional head-
aches and resolved at follow-up.

When the axial sequences were reexamined, patients with
papil ledema had optic nerve sheath enlargement
(6.62 ± 0.70 mm); patients with pseudopapilledema had
ONSD as 4.62 ± 0.64 mm. There was a significant correlation
between CSF opening pressure and ONSD (p < 0.005,
r = 0.661). See Table 1 and Fig. 2.

In the papilledema group, the presence of proposed subtle
markers—increased tortuosity in the optic nerve—was found
to be the most (6/9 patients, 66.6%) common finding; five of
seven patients had target sign on T2-coronal slices, intraocular
protrusion of the optic nerve, and posterior globe flattening
(Table 2, Figs. 2 and 3). In the pseudopapilledema group, there
were no subtle markers.

All patients showed significant improvement in objective
neuroradiological testing at follow-up for 1 year. Follow-up
MRI scans demonstrated normalization of optic nerve sheath
enlargement (4.60 ± 0.67), posterior globe flattening, intraoc-
ular protrusion of the optic nerve, target sign, and tortuosity of
the optic nerve in the five cases examined (Fig. 4).

Discussion

True papilledema is characterized by the swollen optic disc
due to elevated intracranial pressure. Careful examination of
the optic disc is essential to prevent unnecessary procedures.
The part of the disc margin is disruption, the vessels are swol-
len, and the optic nerve is elevated with surrounding hemor-
rhage and exudates. In pseudopapilledema, the optic disc ap-
pears to be elevated but there is a lack of edema surrounding
peripapillary vessels. Optic nerve drusen, which are deposits
in the optic nerve caused by calcified hyaline bodies, can
cause or mimic papilledema [12, 13]. Pseudopapilledema is
also observed in many conditions including hyperopia, con-
genital structural anomalies, and optic neuritis. In our study,
nine children with pseudopapilledema revealed asymmetric

Fig. 2 Axial T2-weighted image demonstrates optic nerve sheath en-
largement, posterior globe flattening, and intraocular protrusion of optic
nerve

Table 2 Magnetic resonance imaging findings in patients with
papilledema

MRI findings Papilledema (n = 7)

Tortuosity of the optic nerve 6

Target sign 5

Posterior globe flattening 5

Intraocular protrusion of the optic nerve 5

Fig. 1 Orbi ta l u l t rasonography conf i rmed diagnoses of
pseudopapilledema due to optic disc drusen
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disc swelling in one, optic disc drusen in four, crowding of
nerve fibers in the small disc in two, and nonspecific or normal
appearances in two children by OCT and/or orbital USG.

Various factors have been documented as predisposing to
IIH, especially in adults. Unlike other reports, our study indi-
cates that obesity does not seem to be a common association
[14, 15]. In our study group, headache was the most common
presenting symptom in patients, whether or not they had
papilledema. However, headache features concerning for in-
c reased ICP were ra re ly seen in pa t i en t s w i th
pseudopapilledema. Patients with papilledema also presented

with signs or symptoms of elevated intracranial pressure, such
as nausea, vomiting, or diplopia. However, a substantial num-
ber of our patients were asymptomatic (28% of patients with
papilledema). This is in line with previous studies and corre-
lates with asymptomatic IIH which may be more common in
children and suggests that the prevalence of IIH is
underestimated [16]. Furthermore, two patients who had
asymptomatic clinical presentation relapsed IIH. It is impor-
tant to consider that recurrence rate is not as low as in previous
studies [17, 18]. Therefore, long-term follow-up is
recommended.

The diagnosis of IIH is conventionally comprised by nor-
mal CSF content with an increased CSF opening pressure [1].
However, this measurement can be affected by factors such as
age, posture, diurnal fluctuation, and effect of anesthesia [19].
Previous studies have recently recommended the assessment
of average CSF pressure over more than 20 min, Bsteady
state^ in children and adolescents which may help reduce
negative/positive rate of CSF pressure measurement [20,
21]. However, in clinical practice, this can be impractical ac-
cording to our study and similar studies [22]. Furthermore,
diagnosing based on the lumbar CSF opening pressure is not
always reliable. A recent study showed that lumbar puncture
opening pressure overestimates the intracranial pressure when
compared to the intracranial pressure monitoring [23].

Excluding other causes such as sinus venous thrombosis
and cerebral mass with MRI or CT is prerequisite for the
diagnosis of IIH [2]. However, there is a need for a more
precisely defined method for assessment of IIH as ONSD on
MRI. According to previous studies, the diameter of the optic
nerve sheath behind the optic globe >5 mm is considered
abnormal [8, 24, 25]. MRI may also show various signs of
raised ICP, such as optic nerve tortuosity, optic nerve head
protrusion, and flattening of the posterior aspect of the globe
[8, 11, 26, 27]. However, this requires a detailed analysis of
the neuroimaging signs by a very experienced examiner.
Limited and controversial studies, mostly case reports, have
been reported in children about the signs of IIH [2, 11, 27].
Several studies dealing with both adults and children showed
that ONSD was significantly enlarged in IIH patients com-
pared to that of healthy controls [10, 11, 28, 29]. Similarly,
our findings showed that CSF opening pressure had a signif-
icant correlation with ONSD in patients who were diagnosed
with true papilledema.

We observed tortuosity of the optic nerve, posterior globe
flattening, and intraocular protrusion of the optic nerve are
higher in patients with papilledema than in patients with
pseudopapilledema in concordance with the literature [11].
We found the target sign, which was first described in the
study by Hirfanoglu et al. in 71% of papilledema and 11%
of pseudopapilledema patients [30]. The target sign can be
used as an indicator marker in the diagnosis of IIH.
Therefore, our results suggest that these MRI findings canFig. 4 Coronal T2-weighted image shows improvement of target sign

Fig. 3 Coronal T2-weighted image shows a target sign
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provide useful markers for diagnosis of IIH in pediatric pa-
tients. Furthermore, there was a trend toward good outcome in
both neuroradiological and ophthalmological findings at last
follow-up. These findings may be relevant to the clinical out-
come as well as predictors of outcome in IIH. Clinical presen-
tation of IIH can manifest without papilledema in children
[31]. Clinical features often cannot reliably distinguish IIH
without papilledema from other chronic daily headaches. We
suggest that subtle markers on MRI can be useful tools for the
estimation of IIH in these patients. Additionally, persistence or
resolution of these markers on MRI at follow-up can be help-
ful for the management of IIH.

Although children presenting with papilledema require ur-
gent intervention, not every child with symptomatic or asymp-
tomatic clinical presentation needs to undergo an urgent inva-
sive and high costly diagnostic work-up. Some examination
findings may help to make a distinction between papilledema
and pseudopapilledema. Fundus photography, autofluores-
cence, B-mode USG, and OCT remain sufficient information
to distinguish disc drusen from true papilledema. A recent
study showed that ocular ultrasound was the most sensitive
method for diagnosing pseudopapilledema and was suggested
to be used as a screening tool for determining papilledema [32].
Furthermore, the diameter of the optic nerve has been shown to
correlate with the CSF pressure and could be measured by
ocular ultrasound [33, 34]. Padayachy et al. examined ONSD
by transorbital ultrasound prior to the invasive measurement of
intracranial pressure in children. The study demonstrated a
good relationship between transorbital ultrasound measure-
ment of the ONSD and intracranial pressure [35]. Another
study showed that ONSD was significantly higher in children
with increased intracranial pressure than in patients without
[36]. Liu et al. found that 34.6% of the children were
misdiagnosed and had pseudopapilledema secondary to optic
nerve drusen [37]. Also, Kovarik et al. detected
pseudopapilledema or a normal variant in 76% of patients
who were referred for suspected papilledema [38]. Similarly,
in our study population, more than half of the children (56% of
patients) referred for suspected papilledema were diagnosed
with pseudopapilledema or a normal variant. Excessive unnec-
essary procedures including brain imaging and lumbar punc-
ture were performed. The incidence of true papilledema among
children referred for suspected papilledema based on fundus
examination is very low. A detailed history and examination
coupled with noninvasive testing, such as USG and OCT, will
help distinguish pseudopapilledema from papilledema [38].We
emphasize the importance of a multidisciplinary approach and
invasive procedures including lumbar punctures should be
avoided before a detailed opthalmological examination.

The limitations of our study include a retrospective collec-
tion of data and a single-center design. Furthermore, we used a
single instrument of a diagnostic ultrasound without measur-
ing the ONSDs.

Conclusion

When determining the etiology of papilledema, it is important
to keep inmind that many conditions can cause or mimic optic
disc edema. Therefore, tertiary ophthalmological review is
extremely important to avoid invasive and excessive unneces-
sary procedures for the detection of true papilledema.
Although there is no ancillary test that can replace an accurate
detailed history and neurological and opthalmological exam-
inations to distinguish papilledema and pseudopapilledema,
orbital USG serves as a valuable adjunct to clinical diagnosis.
ONSD is a reliable neuroimaging marker as target sign, tortu-
osity of optic nerve, posterior globe flattening, and intraocular
protrusion of the optic nerve to diagnose IIH in childhood.
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