J Neurol (2012) 259:1406-1412
DOI 10.1007/s00415-011-6365-6

ORIGINAL COMMUNICATION

Rating papilloedema: an evaluation of the Frisén classification
in idiopathic intracranial hypertension

Alexandra J. Sinclair - Michael A. Burdon - Peter G. Nightingale -
Timothy D. Matthews - Andrew Jacks - Mark Lawden * Arul Sivaguru -
Brent J. Gaskin - Saaeha Rauz - Carl E. Clarke - Alexandra K. Ball

Received: 10 October 2011/Revised: 5 December 2011/ Accepted: 8 December 2011 /Published online: 12 January 2012

© Springer-Verlag 2012

Abstract The appearance of the optic disc is a key
measure of disease status in idiopathic intracranial hyper-
tension (ITH). The Frisén classification describes stages of
optic disc swelling (grades 0-5). It is the only classification
of papilloedema, and is used internationally in clinical and
research practice. Despite this, there has been very limited
evaluation of the scale. We assessed the inter-rater repro-
ducibility and ability to discriminate optic disc changes
over time using the Frisén classification compared with a
system of ranking papilloedema severity in patients with
ITH. Paired disc photographs (before and after treatment)
were obtained from 47 patients with IIH (25 acute and 22
chronic). Six neuro-ophthalmologists blinded to patient
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identity, clinical information and chronology of the pho-
tographs reviewed the discs and allocated a Frisén grade
and ranked the paired discs in order of papilloedema
severity (disc ranking). A total of 188 optic disc photo-
graphs were reviewed. All six reviewers agreed in only
three comparisons (1.6%) when using the Frisén classifi-
cation, compared with 42 comparisons (45.2%) when using
disc ranking. The probability of agreement between any
two reviewers was 36.1% for Frisén grade and 70.0% for
disc ranking. Disc ranking had significantly greater sensi-
tivity for finding differences in degree of disc oedema,
identifying a difference in 75.3% of paired photographs
compared to 53.2% detected using the Frisén classification
(p < 0.001). This study demonstrated the limited repro-
ducibility and discriminative ability of the Frisén classifi-
cation in identifying changes in serial optic disc
photographs in ITH. Simple optic disc ranking appears to be
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a more sensitive and reliable tool to monitor changes in
optic disc appearance. The use of disc ranking in clinical
practice and research studies is recommended to monitor
alterations in optic disc appearance until alternative
schemes, specific to ITH, have been developed.

Keywords Frisén classification - Papilloedema -
Idiopathic intracranial hypertension - Grading

Introduction

Idiopathic intracranial hypertension (IIH) is a syndrome of
elevated intracranial pressure for which no causative factor
can be identified. Raised intracranial pressure typically
manifests as papilloedema, that is swelling of the intraoc-
ular (prelaminar) portion of the optic nerve head, which can
result in permanent visual impairment in approximately
10% of patients [1]. Assessment of the appearance of the
optic disc (judging both the presence and the degree of
papilloedema) is a key determinant when evaluating disease
status and ultimately influences therapeutic decisions.

The Frisén classification is the most frequently used
papilloedema grading system, being widely employed in
both clinical and research environments in ITH [2]. Papil-
loedema is classified into six grades reflecting optic disc
axonal distension (Table 1), and the original article inclu-
ded photographic examples. Although the Frisén classifi-
cation is widely utilized, we felt that it has a number of
limitations. Firstly, the grading does not take into account
vascular changes at the disc such as venous stasis,
hyperaemia, haemorrhages and infarcts, which can be of
clinical importance. Secondly, the grading describes the
disc changes seen in progressively developing papilloe-
dema and consequently does not classify features observed
in resolving papilloedema (e.g. residual optic disc halo).

Table 1 Frisén classification of optic disc swelling [2]

Finally, the system does not classify optic disc atrophy
(appearing as disc pallor), a potential and irreversible
consequence of prolonged severe papilloedema. Despite
these limitations, the Frisén classification is frequently used
as an outcome measure in research studies [3—6]. There is
thus a need to further investigate the inter-rater reproduc-
ibility and the ability to discriminate changes in the optic
discs using the Frisén classification.

The aim of this study was to examine the reproducibility of
the Frisén classification in a series of optic discs from patients
with IIH reviewed by multiple observers. In addition, we
evaluated for the first time the ability of the Frisén classifi-
cation to discern changes in the appearance of optic discs over
time. We hypothesised that the Frisén classification was not
sufficiently sensitive to discriminate changes in optic
appearance, and hence compared it with a simple strategy of
disc ranking (discs were ranked in order of papilloedema
severity) in order to determine which was the better method
for discriminating changes in optic disc appearance.

Methods

Disc photographs were obtained from 25 patients with
newly diagnosed (acute) ITH and 22 patients with chronic
ITH (disease duration greater than 3 months). Pairs of
photographs were obtained, one taken at enrolment into a
research study, the other following a period of study
intervention. Subjects with acute IIH had photographs
taken 12 months apart as part of a prospective randomized
controlled pilot trial of acetazolamide [7]. Subjects with
chronic ITH had photographs taken 3 months following the
introduction of an intensive low-energy diet as part of a
prospective evaluation of the effect of weight loss in IIH
[8]. Ethical approval for the study was obtained from the
North West Multicentre Regional Ethics Committee and

Grade Description Signs
Nasal Temporal Peripheral Central TOVS Smooth
blur blur TOVS or filled optic cup dome
0 Normal - — - — —
Excessive blurring of the nasal border, subtle grey halo + - — - -
with temporal gap
Blurring of all temporal margin, halo surrounds disc + + - - -
Increased diameter of optic nerve head, obscuring one or + + + - -
more major vessels
4 Elevation of whole optic nerve head + + + + —
5 Protrusion of optic nerve head as a dome + + + + +

The optic disc is grade according to appearance. Grading described by Frisen L. JNNP 1982;45:13—18

TOVS total obscuration of major vessel segment(s) by swollen axons; + present, — absent.
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from Dudley Local Research Ethics Committee in accor-
dance with the ethical standards laid down in the 1964
Declaration of Helsinki. All study participants gave written
informed consent. All photographs were acquired at the
Birmingham and Midland Eye Centre, Sandwell, and West
Birmingham Hospitals NHS Trust from subjects with
dilated pupils using identical equipment comprising a
Topcon TRC-50IX camera (Topcon, Singapore) with a
Nikon D1X camera body (Nikon Optical, Milton Keynes,
UK).

Photographs were assigned a computer-generated ran-
dom numerical code known only to the investigators (A.S.
and A.B.). The photographs from each eye taken at the start
and end of the study intervention period were paired and
randomly sequenced. Six observers (A.J., A.R., B.G., M.L.,
T.M., M.B.) blinded to patient identity, clinical information
and chronology of the photographs examined the paired
photographs using Windows Photo Gallery (Microsoft)
without conferring. All observers were senior clinicians
with expertise in optic disc evaluation. Each observer,
guided by the descriptions of the Frisén classification and
photographic examples, allocated a Frisén grade to each
disc photograph. Additionally, a system of “disc ranking”
was used to classify the pairs of optic disc photographs.
The observers were asked to compare the severity of
papilloedema in each pair of photographs and to choose the
disc which they judged to demonstrate less papilloedema,
or to label the discs the same if they considered that there
was no difference in the extent of papilloedema between
the two photographs.

Statistical analysis

Agreement amongst the reviewers in classifying the optic
discs was evaluated. Initially agreement amongst all six
reviewers was assessed. The probability of pairs of
reviewers agreeing on the disc classification was then
examined by analysing all possible pairings of the
reviewers (e.g. AJ. and A.R., AJ. and B.G., A.J. and M.L.
etc., totalling 15 possible combinations of observer pair-
ings). For Frisén grading, in addition to evaluating agree-
ment between pairs of reviewers, the extent of
disagreement was also noted (i.e. classification differing by
one, two, three, four or five Frisén grades). Agreement
between all six reviewers, and subsequently pairs of
reviewers, was assessed for disc ranking. Disagreement in
disc ranking amongst pairs of reviewers was quantified as
either “minor disagreement”, where one reviewer classi-
fied a photograph as demonstrating less papilloedema
while the other reviewer classified both photographs as the
same, or “major disagreement”, where reviewers chose
different photographs from the pair of photographs as
showing less papilloedema.

@ Springer

The agreement between Frisén grading and disc ranking
to identify the disc photograph with less papilloedema was
then assessed for all reviewers. Complete agreement indi-
cated concordance in allocating the lower Frisén grade to
the photograph labelled as having less papilloedema. Minor
disagreement indicated that a difference between a pair of
photographs noted using one method was not noted using
the other method (a difference being dissimilar Frisén
grades or a disc identified as having less papilloedema on
disc ranking). Major disagreement indicated that a disc of a
pair noted as having less papilloedema on disc ranking was
given the highest Frisén grade. Finally, the abilities of the
two methods to discriminate changes in papilloedema were
compared. Analyses were primarily carried out for the
whole cohort, but disc photographs from patients with
acute and chronic IIH were also separately analysed.

Statistical analyses were performed using SPSS 17.0
(SPSS, Chicago, IL). Continuous variables were analysed
using descriptive statistics. Dichotomous variables were
compared using the Sign test. The degree of agreement
between rankings was calculated using Kendall’s tau-b
statistic. Paired comparisons of disc ranking and Frisén
grading where evaluated using McNemar’s test. The sig-
nificance level was set at 0.05.

Results

Photographs of each eye of 47 patients before and after
therapeutic intervention were included. Thus a total of 188
photographs were assessed by each of the six observers.
One observer omitted to rank the discs of one pair of
photographs, but completed all the other assessments.

Frisén grading

The frequencies with each Frisén grade (0-5) were allo-
cated to the optic disc photographs by each of the reviewers
are illustrated in Fig. la. Grades 1 and 2 were observed
most frequently (30.2% and 29.7%, respectively). This was
also the case when the optic disc from patients with acute
and chronic ITH were considered separately (grade 1, acute
31.3%, chronic 29.0%; grade 2, acute 25.8%, chronic
34.1%). Grade 5 was least frequently allocated: 16 com-
parisons (1.4%), with most of these being in patients with
acute ITH (12 comparisons) compared to those with chronic
IIH (4 comparisons).

Complete agreement amongst all six reviewers in the
allocation of Frisén grades to the optic disc photographs
was rarely observed (3 of 188 photographs, 1.6%).
Agreement amongst five out of six reviewers was more
frequently noted (26 of 188 photographs, 13.8%). Agree-
ment between pairs of reviewers in allocating a Frisén
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Fig. 1 Bar charts illustrating the Frisén grading results, and the
degree of agreement between Frisén grading and disc ranking.
a Distribution of Frisén grades from optic discs of patients with acute
and chronic IIH. b Concordance between Frisén grade and disc
ranking in identifying which of pairs of photographs demonstrated
less papilloedema. Minor disagreement indicates that a disc was
judged different by one method but the same by the other method;
Major disagreement indicates that a disc was judged as showing less

grade to the optic disc photographs was then evaluated
(Table 2). Complete agreement between pairs of reviewers
was observed in 1,019 of 2,820 comparisons (36.1%).

The pairs of reviewers disagreed in the allocation of the
Frisén grade in 63.9% (1,801) of the comparisons. Most
frequently, the reviewers disagreed by only one Frisén
grade (1,288 comparisons, 45.7%) with disagreement by
five Frisén grades (major disagreement) only being noted
for two comparisons (0.1%). Frisén grades were allocated
with similar agreement to optic discs from patients with
acute and chronic IIH (Kendall’s tau-b statistic 0.016,
p = 0.360).

It was not possible to determine whether the degree of
papilloedema influenced the accuracy of allocating a Frisén
grade, as the majority of optic discs evaluated in this study
had mild to moderate papilloedema (Frisén grades 1 or 2)
and few discs had severe papilloedema (Frisén grade 5). A
cross-tabulation of the allocation of Frisén grades by each

Table 2 Observer variability in Frisén grading showing the agree-
ment between pairs of reviewers in allocating a Frisén grade to optic
disc photographs of patients with acute and chronic IIH

Extent of disagreement Number of comparisons (%)

1 o]

papilloedema by one method but as showing more severe papilloe-
dema by the other method (*p < 0.05, disagreement between the two
methods significantly more likely in patients with chronic ITH than in
those with acute ITH). ¢ Ability of Frisén grading (Frisen) and disc
ranking (Rank) to distinguish pairs of photographs from patients with
acute and chronic IIH. Same indicates that the pairs of disc
photographs could not be distinguished; Different indicates that
differences were noted in the pairs of photographs (***p < 0.001)

of the pairs of reviewers is shown in Supplementary
Table 1.

Disc ranking

Complete agreement amongst all six reviewers in ranking
pairs of photographs (agreement in identifying the optic
disc with less papilloedema) was observed in 45.2% of the
comparisons (42 of 93).

Agreement in the disc ranking amongst pairs of
reviewers was evaluated (Table 3). The probability of
agreement in the disc ranking was 70.0%. Rarely (4.1% of
comparisons) did the reviewers completely disagree as to
which of a pair of optic disc photographs demonstrated
less papilloedema (i.e. one reviewer choosing a photo-
graphs as demonstrating less papilloedema and the other
reviewer selecting the same photograph as demonstrating
more papilloedema). More frequently (25.0% of

Table 3 Observer variability in disc ranking showing the agreement
between pairs of reviewers in ranking the optic discs from patients
with acute and chronic ITH

between reviewers (number

of Frisén grades)® Acute IIH  Chronic

ITH

All patients

0 1,019 (36.1) 545 (36.3) 474 (35.9)
1 1,288 (45.7) 696 (46.4) 592 (44.8)
2 429 (15.2) 225 (15) 204 (15.5)
3 7125 3322 3829
4 11 (0.4) 1(0.1) 10 (0.8)
5 2(0.1) 0 (0) 2 (0.2)

4 “0” indicates complete agreement amongst the reviewers in allo-
cating the Frisén grade

Concordance between
reviewers

Number of comparisons (%)

All Acute Chronic

997 (71.0) 655 (87.3) 342 (52.2)
351 (25.0) 85 (11.3) 266 (40.6)
5741 10(1.3)  47(1.2)

Complete agreement
Minor disagreement®

Major disagreement”

% One reviewer identified a difference in a pair of photographs while
the other reviewer judged that there was no difference in the same pair

° Both reviewers identified a difference in a pair of photographs but
selected different photographs of the pair as showing less
papilloedema
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comparisons), one reviewer would identify a difference in
a pair of disc photographs and the other reviewer would
judge that there was no difference in the same pair of
photographs. Reviewers were significantly more likely to
disagree on the disc ranking in patients with chronic ITH
than in those with acute ITH (Kendall’s tau-b statistic
0.380, p < 0.001).

Agreement between Frisén grading and disc ranking

The agreement between the Frisén grading and disc rank-
ing was assessed to evaluate the probability of the two
methods agreeing as to which disc photograph demon-
strated less papilloedema. The probability of the two
methods agreeing was 77.8%, and the probability of the
two methods differing was 22.2% (Fig. 1b). Most dis-
agreements were minor (22% of comparisons), that is when
a pair of photographs was considered to be different by disc
ranking but the same by Frisén grading. Major disagree-
ments were rare (0.2%), that is when one of a pair of
photographs was considered to show less papilloedema by
disc ranking but more severe papilloedema by Frisén
grading. Disagreement between the disc rank and Frisén
grade was more frequent amongst patients with chronic ITH
than among those with acute IIH (28.2% and 17.3%,
respectively; Kendall’s tau-b statistic 0.124, p = 0.003;
Fig. 1b).

Comparison of sensitivity of Frisén grading and disc
ranking

Frisén grading and disc ranking were compared to deter-
mine which system more frequently differentiated the
appearance of pairs of optic disc photographs in patients
with ITH. Pairs of photographs from patients with acute ITH
were more frequently judged to be different than those
from patients with chronic IIH for both Frisén grading
(acute 72.7%, chronic 31.1%; Kendall’s tau-b statistic
—0.416, p < 0.001) and disc ranking (acute 89.7%, chronic
58.9%; Kendall’s tau-b statistic —0.356, p < 0.001;
Fig. 1c).

A difference in pairs of photographs was significantly
more likely to be identified by disc ranking than by Frisén
grading (75.3 vs. 53.2%; p < 0.001. McNemar’s Test). The
improved sensitivity of disc ranking compared to Frisén
grading applied to pairs of photographs both from patients
with acute and from those with chronic IIH. Consequently,
despite the limited ability of both disc ranking and Frisén
grading to differentiate pairs of photographs from patients
with chronic ITH, disc ranking was significantly more likely
to identify a difference in the pairs of photographs than
Frisén grading (58.9% vs. 31.1%; p < 0.001, McNemar’s
test; Fig. 1c).
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Discussion

This is the first study to formally evaluate the use of Frisén
grading to monitor changes in the appearance of the optic
disc in ITH. The original Frisén classification was published
together with fundus photographs (12 normal and 66
swollen discs of various aetiologies) classified by three
reviewers who agreed in 49% of cases [2]. It is unclear if
any photographs from patients with IIH were included. In
this study, six observers each evaluated 188 optic disc
photographs from patients with ITH. We evaluated the
reproducibility and ability of the Frisén classification to
discriminate serially measured optic discs of patients with
ITH. Additionally we compared Frisén grading with a
system of disc ranking.

Complete agreement amongst the six observers was
noted in just 1.6% of discs assessed by Frisén grading
compared with 44.6% of discs assessed by disc ranking.
Similarly, the probability of pairs of reviewers agreeing on
the disc classification was much lower for Frisén grading
than for disc ranking (36.1% vs. 70.0%). Additionally, our
analysis of Frisén grading in IIH by pairs of reviewers
demonstrated lower reproducibility than that noted in the
original description of Frisén grading, despite the original
validation being carried out by three reviewers (36.1% vs.
49%) [2]. Thus, Frisén grading has poor inter-rater repro-
ducibility in ITH.

The sensitivity of Frisén grading to differentiate pairs of
disc photographs was only 53.2% and lower than that of
disc ranking (75.3%). With regard to the likelihood of
agreement between the two methods, Frisén grading and
disc ranking disagreed in 22.2% of evaluations. In 22.0%
of evaluations this was due to Frisén grading allocating
identical grades to the discs whilst disc ranking noted a
difference in the disc appearances.

Both systems of disc classification performed better in
differentiating fundus images from patients with acute ITH
than those from patients with chronic IIH. This probably
reflects the more dramatic changes demonstrated in the
discs of patients with acute disease. This might be expec-
ted, as the fundi of patients with acute IIH are likely to
undergo change more rapidly than during the chronic
phase. In addition, the pairs of disc photographs from
patients with acute ITH were obtained 12 months apart
compared to just 3 months apart for the pairs of photo-
graphs from patients with chronic ITH. Minimal differences
in the appearance of the discs, which may have been more
difficult to interpret, is likely to explain why reviewer
agreement in disc ranking was significantly lower in pairs
of photographs from patients with chronic rather than acute
IMH (52.2% vs. 87.3%, p <0.001). A difference in
reviewer agreement between pairs of photographs from
patients with acute and chronic ITH was not noted for
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Frisén grading. This probably reflects the limited discrim-
inative ability of the classification, whereby discs with
minimal differences in appearance were allocated the same
grade. Therefore in the patients with chronic IIH, in whom
changes in the appearance of the optic disc are likely to
have been minimal, more raters were able to notice a dif-
ference in the appearance of the disc using disc ranking
than Frisén grading (ranking 58.9% vs. Frisén grading
31.1%, p < 0.001). In addition, disc ranking was more
reproducible (ranking 52.2% vs. Frisén grading 35.9%).
This would suggest that in both a clinical and a research
environment, disc ranking is a more useful tool than Frisén
grading for monitoring changes in optic discs over time.
We would suggest, however, that Frisén grading remains
the tool of choice to characterize the degree of papilloe-
dema, although this should be interpreted with some cau-
tion as inter-rater reproducibility was limited.

There are a number of limitations to this study. Firstly,
as observers performed the assessment of the discs on a
single occasion, intrarater reproducibility could not be
measured. This would be of considerable interest in future
studies. Secondly, the effect of the number of classification
options within each grading system (six for Frisén grading,
but only three for disc ranking) could have influenced the
results. In practice, however, this effect was limited due to
the majority of fundi being of Frisén grades 0, 1 or 2
(74.7%) restricting the majority of selections to three. Also,
the p values quoted assume there is no correlation between
observations for the two eyes of the same patient, or
between observations of the same patient by different
reviewers. However, with the relatively small degree of
correlation observed in this study, all significant results
would remain significant at the 5% level if the p values
were adjusted for this correlation (data not shown). We also
acknowledge that both eyes from each patient were eval-
uated; however, we feel that any potential bias from this
method of analysis was negligible as the observers were
not able to link the right and left eyes of individual patients
when assessing the 188 disc photographs. Finally, the
images obtained were two-dimensional, although this was
also the case in the original description and validation of
the Frisén classification [2]. In clinical practice, the use of a
slit lamp to obtain a highly magnified three-dimensional
view of the retina allows additional fundus features to be
appreciated, which may influence the classification of the
optic disc. Our study did not, nor did it intend to, assess the
validity of the Frisén classification in classifying three-
dimensional fundus images. Three-dimensional fundus
images obtained from slit lamp examination are of limited
use in clinical trials due to the need for blinding the
observer to the patient’s identity. Stereoscopic retinal
photography may, however, have a role in documenting the
three-dimensional appearance of discs in IIH, and future

analysis of the Frisén classification in this situation would
be of interest. Studies are also required to establish the
optimal number of reviewers necessary to meaningfully
classify discs.

The Frisén classification is frequently employed in ITH
clinics and research [3-5, 9, 10] to describe and monitor
papilloedema, yet our study highlights its limited repro-
ducibility and sensitivity in the evaluation of optic disc
changes. Newer more objective measures of papilloedema,
such as ultrasound scanning and optical coherence
tomography, are gaining popularity but are not yet widely
available [8]. We suggest that the Frisén classification
requires modification when applied to patients with ITH so
as to reflect resolving papilloedema, optic atrophy and
other more subtle changes noted on clinical examination.
Until such a scheme becomes available and has been val-
idated, it would appear that there is a role for simple
ranking of discs in IIH. This method has been shown in this
study to exhibit superior interobserver reproducibility and
sensitivity to change, especially in patients with more
longstanding disease.
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