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Abstract

Objectives: To compare the clinical findings and multimodal imaging
of pediatric patients diagnosed with papilledema and pseudopapilledema
with those of healthy individuals.

Materials and Methods: Ninety children (<18 years of age) referred for
suspected papilledema were included in this study. All patients underwent
optical coherence tomography (OCT) imaging and were compared with
normal control subjects.

Results: Fifty-eight children diagnosed with pseudopapilledema, 32
children with mild-to-moderate papilledema, and 40 controls were
evaluated. The average and all quadrants of retinal nerve fiber layer
(RNFL) thickness were significantly higher in the papilledema group
than in the pseudopapilledema and control groups (p<0.001). Bruch’s
membrane opening (BMO) measurements were similar in both groups
(p>0.05). The average, nasal, and temporal RNFL thicknesses were
significantly higher in the pseudopapilledema group compared with the
controls (p<0.001). Area under the receiver operating characteristic (ROC)
curve showed high diagnostic ability for RNFL thickness in all quadrants
to differentiate papilledema from pseudopapilledema (p<0.001). In the
pseudopapilledema group, average, temporal, and inferior RNFL thickness
and BMO measurements were significantly higher in eyes with optic
nerve head drusen (n=28) compared with those without drusen (n=88)
(p=0.035, p=0.022, p=0.040 and, p=0.047 respectively).

Conclusion: Papilledema and pseudopapilledema show great differences
in evaluation, follow-up, and prognosis. Using non-invasive methods such
as newly developed OCT techniques in differential diagnosis can relieve
patients with pseudopapilledema from the stress and financial burden of
expensive, extensive, and invasive procedures.
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Introduction

Optic nerve head edema due to increased intracranial
pressure is called papilledema. Pseudopapilledema is not true
edema but is defined by the presence of blurring and swelling at
the borders of the optic nerve head due to structural anomalies.'
Especially in children, distinguishing the two diagnoses is vital.
Misdiagnosis of papilledema as pseudopapilledema can be life-
threatening, and conversely, diagnosis of pseudopapilledema as
papilledema can lead to unnecessary, invasive, and expensive
procedures and treatments."?

The prevalence of optic nerve head drusen (ONHD) is
approximately 0.4% in children and 2.4% in adults. This
difference is probably due to the smaller and deeper location
of drusen in children.***® High hypermetropia, crowded or
congenitally anomalous optic nerves, and tilted optic discs may
also cause a pseudopapilledema appearance in children.”#

To diagnose true papilledema, neuroimaging (computed
tomography [CT], magnetic resonance imaging [MRI}) and
invasive procedures (lumbar puncture [LP}) are required.
Performing these tests in children is not easy and may require
sedation or general anesthesia. Non-invasive imaging modalities
such as ocular ultrasonography (USG), fundus autofluorescence
(FAF), and optical coherence tomography (OCT) can help
diagnose true and pseudopapilledema.

The purpose of this study was to present the clinical
data of our pediatric patients who were diagnosed as having
pseudopapilledema or papilledema and to compare their OCT
findings with healthy subjects.

Materials and Methods

Patients under 18 years of age who were diagnosed as having
pseudopapilledema or mild papilledema and had at least 1 year
of follow-up between 2018 and 2020 were included in the study.
This study was approved by the Ethics Committee of University
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of Health Sciences Tirkiye, Kartal Dr. Liitfi Kirdar Sehir
Hospital (decision no: 2022/514/236/15, date: 26.10.2022). All
procedures and data collection were conducted in accordance
with the Declaration of Helsinki. The children were referred
to a tertiary hospital by pediatric neurologists for evaluation of
suspected papilledema or by an ophthalmologist because of disc
margin blurring detected in routine examinations.

One hundred sixteen eyes of 58 children in the
pseudopapilledema group and 64 eyes of 32 children in the
papilledema group were included in this retrospective study.
Eighty eyes of 40 patients of similar age and sex were included
as the control group. The participants in the control group had
normal healthy eyes and had no visual field or retinal nerve fiber
layer (RNFL) defects.

In patients with suspected papilledema on ophthalmologic
examination, the presence of headache with characteristics
indicating increased intracranial pressure and accompanying
symptoms such as diplopia, vomiting, and visual symptoms
are guides for further investigation. In such cases, our primary
approach is to perform a neurologic examination and MRI.
If there is no mass or other pathology that might cause
papilledema on MRI, LP is performed. The presence of possible
signs of high intracranial pressure (empty sella, flattening of
the posterior globe, tortuosity of the optic nerve or increase in
perioptic cerebrospinal fluid) on MRI strengthens the diagnosis
of papilledema in the presence of suspicious optic disc appearance
or certain symptoms.” Otherwise, if there is no sign of increased
intracranial pressure on MRI or patients have no specific
symptoms, patients are directed to advanced ophthalmologic
examinations for the diagnosis of pseudopapilledema. These
patients are followed up regularly for at least 6 months.

In cases of suspected pseudopapilledema, B-scan USG,
FAF, fluorescein angiography (FA), and spectral domain (SD)-
OCT scans were performed. The ocular examination included
examinations of visual acuity, color vision (Ishihara color plate),
light reflex, ocular motility, visual fields (Humphrey 30-2;
Allergan, Irvine, CA, USA), anterior segment, and fundus.
Optic nerve head swelling was graded according to the Frisen
scale. Grade III-IV papilledema patients were excluded from
the study. Fundus images of all patients were obtained from the
first examination to monitor changes. ONHD was defined as
hyperechoic and posterior acoustic shadowing structures within
or on the optic nerve surface on B-scan (E-Z Scan AB5500+;
Sonomed, Lake Success, NY, USA), autofluorescence in the optic
nerve on FAF imaging (Canon CX-1; Canon Inc., Tokyo, Japan),
absence of dye leakage in FA (Canon CX-1; Canon Inc, Tokyo,
Japan), or a hyporeflective core surrounded by hyperreflective
margins on SD-OCT (Nidek RS-3000 Advance; Nidek Co.,
Aichi, Japan)."” Enlargement of the optic nerve sheath with
a hypoechogenic crescent sign surrounding the optic nerve,
which may suggest papilledema, was assessed and measurements
were made using A-scans in necessary cases.'! Peripapillary
hyperreflective ovoid mass-like structures (PHOMS) were defined
as hyperreflective structures surrounding the optic nerve and were
located subretinally above Bruch’s membrane on OCT.'*"?

The diagnosis of pseudopapilledema was defined as the
presence of spontaneous venous pulsation and normal MRI,
venography, or LP without specific symptoms evaluated by
a pediatric neurologist, and stability of the optic nerve head
on examination and imaging in at least three follow-up visits
at 6-month intervals. After 1 year of follow-up, optic nerve
appearances were stable and no change was observed in the
diagnosis of our patients with pseudopapilledema.

The peripapillary RNFL thickness in all four quadrants,
average RNFL thickness, and Bruch’s membrane opening
(BMO) were measured using SD-OCT. The RNFL thickness in
each 90-degree quadrant (superior, inferior, temporal, and nasal)
was calculated within a 3.45-mm diameter scan circle around
the optic disc. The BMO was defined as the horizontal transverse
diameter of the neural canal opening (in micrometers) at the
level of the retinal pigment epithelium and Bruch’s membrane.'*
BMO measurements were performed manually using the OCT
software. The quality of all scans was evaluated and scans were
excluded if they had artifacts or errors. Particular attention was
paid to patients with high myopia (>6.0 diopters) and hyperopia
(>6.0 diopters). In such patients, the errors that might arise
from disc centration were noted and images with signal strength
>5 were evaluated. Optic nerve examinations and images were
evaluated by two experienced ophthalmologists, and SD-OCT
measurements were analyzed by the same experienced technician.

Statistical Analysis

The data were evaluated in the IBM SPSS Statistics Standard
Concurrent User V 26 (IBM Corp., Armonk, New York,
USA) statistical package program. Descriptive statistics were
given as the number of units (n), percentage (%), mean and
standard deviation (mean + SD), median (M), and interquartile
range (IQR). The normal distribution of the data of numerical
variables was evaluated using the Shapiro-Wilk test of normality.
Homogeneity of variances was evaluated using Levene’s test. The
ages of the patients in the groups were compared using One-way
analysis of variance (ANOVA), and Pearson’s chi-square test was
used for sex comparisons. Since the right and left eyes of the
patients were evaluated together, comparisons between groups
for OCT variables were made using linear mixed model analysis.
Bonferroni correction was applied for multiple comparisons. A
value of p<0.05 was considered statistically significant.

Results

The study included 116 eyes of 58 patients with
pseudopapilledema, 64 eyes of 32 patients with mild-to-
moderate papilledema, and 80 eyes of 40 healthy normal
individuals. The mean ages of the children were 13.2+3.2
years in the pseudopapilledema group, 12.1+2.8 years in the
papilledema group, and 12.0+3.3 years in the control group.
The age and sex distributions of the groups were statistically
similar (Table 1).

Of the 58 children in the pseudopapilledema group, 30 (52%)
presented with headaches, 8 (14%) with blurred vision, and 20
(34%) children were completely asymptomatic and referred for
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examination of the optic disc. In the papilledema group, the most
common symptom was headache (50%) with visual symptoms,
followed by double vision (21.8%), tinnitus (15.6%), and transient
vision loss (12.5%). The etiologies of papilledema were idiopathic
intracranial hypertension (ITH) (n=24, 75%), cerebral venous sinus
thrombosis (n=5, 15.6%), and intracranial tumor (n=3, 9.4%).
The mean visual acuity was 0.05+0.04 logarithm of the minimum
angle of resolution (logMAR) in the pseudopapilledema group,
0.02+0.04 logMAR in the papilledema group, and 0.05+0.1
logMAR in the control group.

Of the patients diagnosed as having pseudopapilledema,
44 (76%) underwent MRI, 2 (3.4%) underwent CT, and
30 (52%) underwent LP. The mean opening pressure was
21.5+3.07 (range, 14-25) cm H,O. Three children diagnosed
as having pseudopapilledema were using acetazolamide for
the misdiagnosis of IIH. The drug was discontinued when the
diagnosis was revised. In a patient with optic disc drusen, ITH
was also detected and treatment was initiated. Of the 116 eyes
with pseudopapilledema, PHOMS were detected in 82 eyes
(70.7%), ONHD in 28 eyes (24.1%), crowded discs in 25 eyes
(21.6%), and tilted/torsioned discs in 13 eyes (11.2%). Only 2
eyes (7%) had visible ONHD and 26 eyes had buried ONHD
(93%). The diagnosis of ONHD was confirmed using USG

in 26 eyes, SD-OCT in 21 eyes, FAF in 11 eyes, and clinical
examination in 2 eyes (Figure 1a, b, ¢). FA was used in 8 patients
to diagnose pseudopapilledema.

In the papilledema group, grade 1 papilledema was detected
in 19 (29.7%) eyes and grade 2 papilledema was detected in 45
(70.3%) eyes. PHOMS were also detected in 20 (31.2%) of these
eyes (Figure 1c). MRI and LP were performed in all patients
in the papilledema group. The mean opening pressure was
37.5+9.3 (range, 25-60) cm H,O. Patients diagnosed as having
papilledema were treated by pediatric neurology or neurosurgery
and followed up ophthalmologically.

Table 2 gives the RNFL thickness and BMO measurements
in both groups. The average and all quadrants of RNFL thickness
were significantly higher in the papilledema group than in the
pseudopapilledema and control groups (p<0.001). The BMO
measurements were similar in both groups (p>0.05). The average,
nasal, and temporal RNFL thicknesses were significantly higher
in the pseudopapilledema group compared with the controls
(p<0.001). Within the pseudopapilledema group, average,
temporal, and inferior RNFL thickness and BMO measurements
were significantly higher in eyes with ONHD compared to those
without ONHD (p=0.035, p=0.022, p=0.040, and p=0.047,
respectively) (Table 3).

Table 1. Comparison of sex and age by group

Papilledema Pseudopapilledema Control value
(n=32) (n=58) (n=40) P
Sex, n (%)
Boy/girl 8(25.0)/24 (75.0) 20 (34.5)/38 (65.5) 14 (35.0)/26 (65.0) 0.632%
Age, years mean + SD 12.1+2.8 13.2+3.2 12.0£3.3 0.106%*
Median (min-max) 12 (6-16) 13 (5-18) 12 (7-18) ’

*#Pearson chi-square test, **One-way analysis of variance, SD: Standard deviation

Figure 1. (a) Fundus red-free photo of a patient with visible optic nerve head drusen (ONHD); (b) fundus autofluorescence image of ONHD; (c) optical coherence
tomography image of ONHD (yellow arrow) and peripapillary hyperreflective ovoid mass-like structures (red arrow) in the same patient

296




Kaplan et al. Pediatric Papilledema and Pseudopapilledema

Table 4 gives the results of ROC analyses of RNFL
thickness and BMO in differentiating papilledema from
pseudopapilledema. Average RINFL thickness had the highest
area under the curve (AUC), followed by temporal, nasal,
superior, and inferior RNFL thickness. BMO had a smaller
AUC, with a cutoff point of 1563 pm resulting in a sensitivity
and specificity of 75% and 52.6%, respectively.

Discussion

In recent years, children’s referrals to ophthalmology
departments have increased due to suspected papilledema.
Making the correct diagnosis is a difficult and stressful process
for both the physician and patient. The misdiagnosis rate of
papilledema in childhood has been reported as up to 76%."

Most of these children undergo unnecessary MRI, CT, or other
imaging and several LPs.

Headache that occurs due to ITH increases especially in the
morning and when lying down, and is sometimes associated
with neck and shoulder pain due to stretching of the dural
sheaths of spinal roots. Questioning the character of the headache
and examining for accompanying additional symptoms such
as transient visual obscurations, double vision, vomiting, and
tinnitus are necessary for a detailed history and differential
diagnosis. Headache was more common and was a non-specific
symptom in most of the children in our study; however,
MRI was performed in 76% of these children and LP was
performed in 52%. Liu et al.'® reported that children with
pseudopapilledema referred for suspected papilledema over a

Table 2. Comparison of optical coherence tomography parameters by group

Groups Pairwise comparisons*

?zf él;e;::)a E’Is:llcllzl:;l:sl)ledema g;t(l;oelyes) Papilledem.a VS. Papilledema | Pseudopapilledema vs.

Mean + SEM | Mean + SEM Mean + SEM pseudopapilledema | vs. control control
RNFL 140.4+2.3 117.2+1.7 106.7+2.1 <0.001 <0.001 <0.001
Nasal RNFL 117.3+2.6 98.5+1.9 72.5+2.4 <0.001 <0.001 <0.001
Temporal RNFL 106.6+2.2 84.6+1.6 74.5+1.9 <0.001 <0.001 <0.001
Superior RNFL 161.7+3.5 137.8+3.6 136.7+3.3 <0.001 <0.001 0.999
Inferior RNFL 161.0+3.9 146.1+2.9 140.0+3.6 0.009 <0.001 0.559
BMO 1660.6+23.4 1596.1+17.3 1591.8+21.2 0.086 0.094 0.999
#Significanc values based on linear mixed model, RNFL: Retinal nerve fiber layer, BMO: Bruch’s membrane opening, SEM: Standard error of the mean

Table 3. Comparison of optical coherence tomography parameters according to the presence of drusen in the

pseudopapilledema group
Mean s SEM Mean 2 SN~ DL

Average RNFL 114.8+2.23 124.4+3.8 0.035
Nasal RNFL 97.1£2.3 102.3£4.0 0.260
Temporal RNFL 82.3+1.9 91.1+3.2 0.022
Superior RNFL 134.9+3.4 145.5+5.9 0.128
Inferior RNFL 141.8+4.2 159.4+7.2 0.040
BMO 1575.2+20.8 1658.8+35.4 0.047

*Significant values based on linear mixed model, RNFL: Retinal nerve fiber layer, BMO: Bruch’s membrane opening, SEM: Standard error of the mean

Table 4. Results of receiver operating characteristic curve analysis of optical coherence tomography parameters in papilledema

vs. pseudopapilledema

Cut-off AUC 95% CI p value Sens Spec PPV NPV
Average RNFL >125 0.868 0.809-0.914 <0.001 90.6 76.7 68.2 93.7
Nasal RNFL >100 0.819 0.755-0.873 <0.001 82.8 75.9 65.4 88.9
Temporal RNFL >96 0.862 0.802-0.908 <0.001 82.8 83.6 73.6 89.8
Superior RNFL >137 0.797 0.731-0.853 <0.001 95.3 58.6 56.0 95.8
Inferior RNFL >144 0.719 0.647-0.783 <0.001 82.8 56.0 51.0 85.5
BMO >1563 0.632 0.557-0.703 0.002 75.0 52.6 46.6 79.2

Negative predictive value

RNEFL: Retinal nerve fiber layer, BMO: Bruch’s membrane opening, AUC: Area under the curve, CI: Confidence interval, Sens: Sensitivity, Spec: Specificity, PPV: Positive predictive value, NPV:
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6-year period underwent LP, MRI, and CT at rates of 53.8%,
73.1%, and 34.6%, respectively. They suggested that detailed
histories and expert ophthalmologic examinations in the early
period would prevent unnecessary tests and treatments.

It is very difficult to distinguish papilledema from
pseudopapilledema in childhood. For instance, ONHD, the
most common cause of pseudopapilledema, is buried deeper in
children and mimics papilledema. Over time, it becomes more
superficial and is easier to detect.'” In addition, because ONHD
is less calcified in children than in adults, it is difficult to
diagnose it with USG, which is one of the traditional diagnostic
methods.'® Similarly, ONHD may not be detected with FAF and
FA because it is hidden deep within the neural tissue.!”'%"

Although pseudopapilledema was diagnosed in 116 eyes in
our study, we detected ONHD in only 28 eyes. In all of these
patients, USG confirmed the diagnosis, and OCT helped in 21
eyes. It was not possible to detect buried and non-calcified drusen
because the mean age of our patients was young (13.2+3.2 years).
Previously, USG was considered the gold standard for diagnosing
ONHD. However, ONHD is now more reliably diagnosed
using enhanced depth imaging (EDI) OCT, which enables high-
resolution visualization of the optic nerve head. In the pediatric
population, this advantage is limited with increasing depth.
Deeper ONHD has a lower resolution, often resulting in a poorer
demarcation of their posterior borders.”**" Sim et al.*> compared
EDI-OCT, non-EDI-OCT, and FAF imaging in 28 children
with definite ONHD confirmed using USG and determined
that the three modalities revealed ONHD in 24, 21, and 18
eyes, respectively. In that scudy, EDI-OCT was not as successful
as USG in detecting ONHD, unlike in adults. Similarly, the
authors attributed this to a high incidence of buried ONHD in
children.”

In our study, RNFL average and all quadrant thickness
values were significantly higher in the papilledema group than
in the pseudopapilledema and control groups (p<0.001) and
the average, temporal, and inferior RNFL thickness values
were significantly higher in the pseudopapilledema group with
ONHD compared to those without ONHD (p=0.035, p=0.022,
and p=0.040, respectively). Although OCT studies comparing
papilledema and pseudopapilledema have been performed
in recent years, no absolute values have been shown to be
diagnostic for papilledema. In studies using SD-OCT, Lee et al.?®
reported significantly greater RNFL thickness in patients with
papilledema than in patients with ONHD (174.1+53.5 pm vs.
119.2+20.2 pm), as well as higher average and temporal RNFL
thickness in patients with pseudopapilledema compared to the
control group. Aghsaei Fard et al.?* determined that the average
and all sectoral peripapillary RNFL thicknesses were higher
in the papilledema group than in the other groups, and they
reported an AUC of 0.82 for the ability of peripapillary RNFL
to distinguish papilledema from pseudopapilledema. Swanson et
al.? reported 79% sensitivity and 81% specificity in determining
increased intracranial pressure due to craniosynostosis when the
RNFL cut-off value was accepted as 208 pm. It is noteworthy
that the cut-off value was quite high for mild and moderate
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papilledema. In our study the average RNLF had the highest
AUC (0.868) with a cut-off value of 125 pm in papilledema
compared to pseudopapilledema. Kulkarni et al.*® found no
significant difference between Frisen grade 2 mild papilledema
and ONHD in terms of RNFL thickness. Chang et al.”” was
unable to make an accurate classification due to the overlap of
RNFL thickness values in papilledema (mean: 142 pm, range:
91-199 pm) and ONHD (mean: 125 pm, range: 98-162 pm).
In patients with pseudopapilledema, an increase in thickness
has been demonstrated in different quadrants, which is not
always consistent with healthy subjects and patients with mild
papilledema. It has been suggested that the nasal quadrant in
particular can provide important information in the differential
diagnosis, and the nasal quadrant values seen in ONHD may
be thinner.?***3° This hypothesis is explained by the fact that
the drusen are mostly located in the nasal quadrant, causing
displacement and thinning of the nerve fibers over time. It has
also been reported that there is a gradual enhancement in drusen
size with age and the optic nerve size is smaller in children than
in adules.*??*! In line with previous studies, it was not possible
to detect nasal RNFL thinning in children in the early period.*

Studies based on optic nerve imaging and OCT suggested
that pseudopapilledema might originate from a narrow scleral
canal and there could be stasis in the axoplasmic flow due to
compression of the peripapillary nerves.***** In some studies,
as in our study, BMO was similar in the pseudopapilledema,
mild papilledema, and control groups.>*! Thompson et al.”’
compared BMO in children with mild papilledema and
pseudopapilledema and reported a larger mean BMO in the
papilledema group than in the pseudopapilledema group and
no significant difference between the pseudopapilledema and
control groups. However, after the treatment of papilledema, the
patients’ mean BMO no longer differed significantly from the
other groups. It has also been reported that BMO may enlarge in
papilledema, non-arteritic ischemic optic neuropathy (NAION),
or ONHD, and also shrink again after resolving the edema in
the optic nerve.”?%3’ Garcfa-Montesinos et al.*” reported BMO
enlargement in papilledema and NAION. They suggested that
during optic nerve swelling, axonal fibers increased in volume
and expanded the optic canal, then shrank again when the
edema decreased. In another study using time-domain-OCT, it
was reported that patients with ONHD and their first-degree
relatives did not have narrow scleral canals, and both groups had
a larger scleral canal area than the controls.?* Similarly, Floyd et
al.*® studied 25 patients with ONHD and found larger scleral
canals than in 17 control patients. In contrast, Malmqvist et al."?
reported in their prospective study that children with ONHD
had smaller scleral canals than those with normal optic nerves.
In our study, BMO was similar in both groups but was higher
in pseudopapilledema patients with ONHD than in those
without ONHD, and the sensitivity and specificity of BMO in
the differentiation of papilledema and pseudopapilledema were
quite low. In light of similar studies, we thought that drusen
may cause enlargement of the scleral canal over time, depending
on their size and location. Significant differences in BMO
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measurements between healthy individuals and patients with
different optic nerve pathologies suggest that the clinical value
of this OCT finding may be limited.

In recent years, the Optic Disc Drusen Studies Consortium has
defined an optic nerve head lesion distinct from ONHD."? Formerly
described as drusen-like or drusen precursors, they are now called
PHOMS #4414 [¢ i5 suggested that the presence of these structures
should not be included as a diagnostic criterion for ONHD. Apart
from drusen, it can be seen in various forms of optic disc edema
and optic disc anomalies.!*®# PHOMS was defined as the OCT
finding corresponding to lateral herniation of retinal nerve fibers at
the level of Bruch’s membrane. They have the appearance of typical
hyperreflective lesions surrounding the optic disc in the subretinal
area but are neither hyperechogenic structures in B-scan images nor
hyperautofluorescent on FAF images.?

In our study, PHOMS were detected using SD-OCT in
70.7% of eyes with pseudopapilledema and in 31.2% eyes with
papilledema. Mezad-Koursh et al."” emphasized that PHOMS
were the most common causes of pseudopapilledema in children
and they characterized PHOMS in EDI-OCT, USG, FAE, and
infrared images. They reported significant differences between
PHOMS and ONHD, as in the study of Teixeira et al.”” PHOMS
are a new structure defined in the optic nerve head, and their
development over the years is not clear. Malmqyvist et al.* studied
S-year changes in children with ONHD and found that crowded
disc and axonal distension resulting from the enlargement of
optic nerve drusen were associated with PHOMS. It is important
to follow up PHOMS because there are insufficient prospective
studies about its change and progression, especially in children.

Study Limitations

Our study had some limitations. The number of patients was
small and it was a retrospective study. Prospective studies with
large series are needed to determine the gold standard methods
in the differentiation of papilledema and pseudopapilledema in
children.

Conclusion

In conclusion, a detailed history, complete ophthalmologic
examination, and neurologic assessment can provide accurate
diagnosis of papilledema or pseudopapilledema in most patients
without invasive and expensive procedures. EDI-OCT appears to
be an advanced technique with the potential to become the gold
standard for identifying and monitoring PHOMS and ONHD
in early childhood.
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