Assessment of visual
function in idiopathic
intracranial
hypertension:

a prospective study

Abstract

The visual function of 35 patients with a
diagnosis of idiopathic intracranial
hypertension was assessed prospectively over
a 3 year period. In assessing the visual
function of cases of idiopathic intracranial
hypertension a number of tests were
employed including visual field assessment
with Humphrey and Goldmann perimeters
and documentation of visual acuity and
contrast sensitivity. Loss of visual function is
the only serious complication and may occur
early or late in the course of the condition. An
appropriate and sensitive clinical assessment
regime is therefore of importance in the
outpatient situation. Visual field assessment
was documented as the most sensitive to
detection of visual loss, with statistically
greater sensitivity in comparison with visual
acuity and contrast sensitivity testing.
Detection of asymptomatic visual loss
indicates the necessity for visual monitoring to
ensure detection of insidious visual loss. The
types of visual field defects noted in this study
were typical of anterior optic nerve pathology
of raised intracranial pressure and commonly
included arcuate defects, nasal steps and
global constriction. Visual loss was noted at
presentation and during follow-up in up to
87% of patients using Goldmann perimetry
and up to 82% of patients using Humphrey
perimetry. The visual status improved
significantly throughout the follow-up period
and the final visual outcome was excellent or
good in 83% of patients.
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Idiopathic intracranial hypertension is a
disorder in which there is raised intracranial
pressure in the absence of a space-occupying
lesion, with a normal cerebrospinal fluid
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composition and a normal ventricular system in
an otherwise healthy patient. The condition was
first described in 1893' as ‘serous meningitis’
and terminology has varied considerably over
the ensuing years. Terms in current use include
idiopathic intracranial hypertension, benign
intracranial hypertension and pseudotumour
cerebri.

In idiopathic intracranial hypertension, loss
of visual function is the only serious
complication and may occur early or late in its
course.? Visual acuity, peripheral and central
fields should all be sequentially recorded.>>
Visual loss is usually insidious and often
asymptomatic for long periods of time, and
visual disaster can only be anticipated by
monitoring the visual fields and acuity. The low
incidence of the symptom of visual loss is
undoubtedly due to the gradual deterioration of
vision that often spares central vision until late
in the course of the illness. The frequency of
subclinical visual loss underscores the need for
thorough ophthalmological examination with
perimetry using a disease-specific strategy for
patients with idiopathic intracranial
hypertension.

This study compares the methods used for
the documentation of visual function in a series
of 35 patients and reviews the results of visual
field assessment.

Materials and methods

Thirty-five patients with a diagnosis of
idiopathic intracranial hypertension were
recruited to this study. There were 30 females
and 5 males. The average age at presentation
was 29 years (range 11-57 years): 28 years
(range 11-57 years) for females and 34 years
(range 21-50 years) for males.

The modified Dandy criteria were used in
recruitment of patients for this study.? These
include: signs and symptoms of increased
intracranial pressure, an awake and alert
patient, normal neuroimaging studies except for
small ventricles or empty sella, documented
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increased pressure, (> 200 mmH,O in non-obese and
> 250 mmH,0 in obese patients®) with normal
cerebrospinal fluid composition, and no other
identifiable cause of intracranial hypertension.

The patients were recruited between September 1993
and August 1996 and follow-up ranged from 6 months to
3 years. Patients were seen at 3-month intervals for
outpatient assessment, and during inpatient episodes
they were also seen on a weekly basis.

Assessment of visual function included
documentation of visual acuity using the Snellen chart
and visual field assessment with the Humphrey
automated and Goldmann manual perimeters. The 24-2
programme was used on Humphrey perimetry, which
tested 54 points with a 6° spaced grid offset from the
vertical and horizontal meridians. A modified Armaly-
Drance strategy was used on Goldmann perimetry to
assess the kinetic boundaries and static points within the
central 30° and temporal sector of the visual field. A
grading system was used to classify visual field defects
documented with Humphrey and Goldmann perimetry*
(Tables 1, 2).

Table 1. Grading system for Goldmann manual perimetry

In addition, contrast sensitivity was assessed using
the Pelli-Robson chart. Statistical analysis involved use of
the SPSS program and the following tests were
employed: t-test, Wilcoxon matched-pairs sign-rank test,
chi-squared test and F-test.

Results

Visual field assessment: detection of visual field deficit
Visual fields were assessed using the Humphrey
automated and/or Goldmann manual perimeters.
Thirty-five patients (70 eyes) were assessed and each
patient was examined at least twice.

At initial examination, a visual field defect was
documented in at least one eye in 72% of patients
(72% of eyes) when tested by Goldmann perimetry and
in 82% of patients (89% of eyes) when tested by
Humphrey perimetry. During the interim follow-up
period, 87% of visual field tests (83% of eyes)
demonstrated a visual field defect by Goldmann
perimetry and 80% of tests (71% of eyes) demonstrated a
visual field loss defect by Humphrey perimetry. At the

Grade 0
Grade 1

Normal visual field

Isopter constriction:

Minimal visual loss — unlikely to be noticed by the patient

Step defects present that are less than 10° but greater than 5° in diameter

Defects not involving fixation:

1. Relative scotomas up to 20° X 20° in area outside 30°, or up to 10° in area inside 30°
2. Blind spot enlargement — encroaches on central 10°

Grade 2
Isopter constriction:
1. Up to 20° in area
2. 14e isopter inside 30° nasally, 50° temporally
3.12e isopter inside 20°
Defects not involving fixation:
1. Relative - less than 1 quadrant in size
2. Absolute — less than 20° X 20° in area
Defects involving fixation:
VA of 6/9 or better

Grade 3
Isopter constriction:

Mild visual field loss — may be noticed by patient and usually compromises function

Moderate visual field loss — nearly always noticed by the patient and which interferes with function

1. Greater than 20° to any isopter but more than 50° of the field to the V4e target

2.13e isopter inside the blind spot
3. 12e isopter inside 10°
Defects not involving fixation:

1. Relative - greater than 1 quadrant but less than 1 hemifield
2. Absolute — greater than 20° X 20° in diameter but less than 1 quadrant

Defects involving fixation:
VA of 6/9 to 6/36
Marked visual field loss
Isopter constriction:

Grade 4

Less than 50° but greater than 20° in diameter to V4e

Defects not involving fixation:

1. Relative — 1 hemifield or greater with more than 20° of field left to V4e
2. Absolute — greater than 1 quadrant with more than 20° to V4e

Defects involving fixation:
VA of 6/36 to 6/60
Blinding visual loss
Isopter constriction:

Less than 20° to V4e
Defects involving fixation:
Acuity worse than 6/60

Grade 5

From Wall and George.*



Table 2. Grading system for Humphrey automated perimetry

Grade 0
Grade 1

Normal visual field
Minimal visual loss

Deficit with no greater than 3 contiguous points abnormal and no point with loss greater than 10 dB
Enlarged blind spot — presence of 5 or more disturbed points adjacent to the blind spot without encroachmentinto the

central 10°

Grade 2 Mild visual field loss

Visual field defect greater than 3 contiguous points and 10 dB loss
Enlarged blind spot — presence of 5 or more disturbed points adjacent to the blind spot with encroachment into the

central 10°

Defects involving fixation - less than 10 dB loss, VA of 6/6

Grade 3 Moderate visual field loss
Isopter constriction:
All points abnormal in 1 isopter

Defects not involving fixation:

1. Relative - greater than 1 quadrant but less than 1 hemifield
2. Absolute - greater than 20° X 20° in diameter but less than 1 quadrant

Defects involving fixation:
1. VA of 6/9 to 6/36

2. Blind spot encroaching on fixation (relative defect) greater than 10 dB loss

Grade 4 Marked visual field loss

Isopter constriction:

Less than 50° but more than 20° to brightest stimulus

Defects not involving fixation:

1. Relative — 1 hemifield or greater with more than 20° of field left to the brightest stimulus
2. Absolute - greater than 1 quadrant with more than 20° to brightest stimulus

Defects tnvolving fixation:
1. VA of 6/36 to 6/60

2. Blind spot encroaching on fixation (relative defect) greater than 2 log units of loss

Grade 5 Blinding visual field loss

Isopter constriction:

Less than 20° to brightest stimulus
Defects involving fixation:

VA ‘worse than 6/60

From Wall and George.*

last visit, visual field loss was documented in 75% of
patients (63% of eyes) by Goldmann perimetry and 56%
of patients (46% of eyes) by Humphrey perimetry.

Although a considerable number of patients still had
visual field loss documented at their last assessment,
there was significant improvement in the grade of visual
field loss from first to last assessment (p = 0.0001 (¢-test)
and p = 0.0007 (Wilcoxon test); Figs. 1, 2). Five patients
had required no treatment and retained their good visual
function. Thirty patients required medical and/or
surgical treatment and the improvement in visual
function was most evident in these patients.

The frequency of types of visual field loss was noted.
Including initial, interim and final assessments of the 35
patients, a total of 294 tests of visual fields were
performed. Of these, 72% were abnormal and 28%
normal. Most visual field defects corresponded to the
presence of papilloedema with pathology of the optic
nerve and nerve head. Some functional visual field
defects were noted including a monocular temporal
hemifield defect documented on two separate occasions
and a monocular temporal quadrant defect on another
occasion in the same patient. These defects were not
found on Goldmann perimetry performed on the same
occasion, implying that the defects were functional. All
other visual field defects were considered to be real in
view of their repeatability and consistency with previous
assessments.

All visual fields were graded according to the
categories described by Wall and George* and listed in
Tables 1 and 2. Grade 0 indicated normal visual fields
and grades 1 to 5 indicated visual field defects of
increasing severity. The number of eyes falling into each
grade was determined (Table 3). The most common types
of visual field defect were constriction, nasal steps and
arcuate defects.

Most visual field defects were minimal or mild
(grades 1 or 2), accounting for 67% of eyes with visual
loss. These grades encompassed most types of visual
field defects, particularly nasal steps and arcuate defects.
Minimal or mild visual field loss is usually not symptom
producing and, as such, the patients often appear
unaware of the defect(s). These figures are therefore of
note. Of the defects in grades 3 to 5, constriction was
most frequently demonstrated in 85 of the 188 eyes in
these grades (45%; p < 0.001, chi-squared test).

Comparison of tests of visual function

Visual acuity, contrast sensitivity and visual field
assessment results were compared to assess their
sensitivity and to determine the most suitable test for
detection of visual deficit. On 75 occasions, 150 eyes were
assessed using all methods. In 110 eye tests (73%) an
abnormal visual assessment was recorded and in 40 eye
tests (27%) normal values in all three tests were noted.
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Fig. 1. Improvement of visual field loss from first to last assessment as documented by Goldmann perimetry. Grade 0 indicates a normal visual field
and grades 1 to 5 indicate visual field defects of increasing severity. A higher percentage of normal visual fields and grades 1 and 2 are seen at the
last assessment.

When comparing the differences seen between the tests (frequency of 33%). Therefore visual field
results of contrast sensitivity, visual acuity and visual assessment was more sensitive than visual acuity and
field assessment in 110 eye tests, abnormal visual field contrast sensitivity with a significance of f=0.0047 and
assessment was documented in 103 eye tests (frequency  f=0.0002 respectively (F-test). It was apparent that visual
of 94%), abnormal contrast sensitivity in 28 eye tests field assessment was more sensitive to detection of
(frequency of 25%) and abnormal visual acuity in 36 eye minimal or mild visual deficit than visual acuity or
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Fig. 2. Improvement of visual field loss from first to last assessment as documented by Humphrey perimetry. Grade 0 indicates a normal visual field
and grades 1 to 5 indicate visual field defects of increasing severity. A higher percentage of normal visual fields and grades 1 and 2 are seen at the
last assessment.
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Table 3. Frequency of visual field defects and their corresponding grades of visual loss

Visual field grades

Visual field defects Total 1 2 3 4 5
Arcuate defects 223 96 79 4 4
Nasal steps 145 49 59 30 6 1
Global constriction 116 1 30 37 35 13
Reduced nasal sensitivity 33 14 14 4 1
Paracentral scotomas 31 8 19 4
Wedge defects 10 3 1 6
Functional defects 3 3
171 202 128 46 14
(31%) (36%) (23%) (8%) (2%)

Normal visual fields (grade 0) were documented in 166 eye tests.

contrast sensitivity measurements. In addition, visual
field assessment was never normal when the visual
acuity and contrast sensitivity were both abnormal,
further indicating its sensitivity. There was no significant
difference in the sensitivity of contrast sensitivity and
visual acuity (f=0.089, F-test).

Discussion

Development of visual field defects

The visual field defects in idiopathic intracranial
hypertension are a direct expression of the pathological
changes in the optia nerve and optic nerve head.® The
mechanism is uncertain but anatomical, physiological
and pathological factors concerned with the
microcirculation and autoregulation at the disc are all
involved.”

The pathogenesis of visual loss is related to the
transmission of elevated cerebrospinal fluid pressure
down the optic nerve sheath to the optic nerve head. The
nerve fibre loss that produces these defects is the result of
chronic axoplasmic stasis, infarction of the nerve fibre
layer and the constraints of an unyielding scleral canal.
Pressure-related compromise of the microvascular
supply may be involved.? Loss of visual function may be
insidious or sudden in onset as a result of a gradual
increase in cerebrospinal fluid pressure around the optic
sheath or a sudden increase in optic nerve sheath
pressure. A differential sensitivity of the optic nerve head
to chronic increased pressure might explain why certain
patients have visual loss while others do not.’

When undergoing measurement of visual fields, most
patients experience a learning curve.'® Most patients
learn perimetry quickly during the first visual field
assessment after the first few stimulus points have been
presented and as a result the first test is often accurate.
Some patients, however, do not provide an accurate
visual field result until the second test. For this reason,
there was a minimum of two tests per patient in this
study. The learning curve involves learning to respond
consistently during the test and, with experience,
patients are noted to respond to more dim stimuli and to
stimuli presented further away from the central fixation
point.!'? Therefore the usual artefact from an initial test
is an overall reduction in sensitivity of the visual field.
Localised visual field defects that are typically seen with

defects relating to papilloedema and optic nerve head
pathology are therefore unlikely to be artefacts. Visual
artefacts are also due to poor understanding of the test,
slow reflexes, concentration failure, positioning problems
with edge rim defects and lid artefacts producing
superior arcuate defects. The age group of the patients in
this study was generally young. They had no other
medical problems and had normal reflexes and good
attention spans. Nine of the patients required spectacle
correction, three for presbyopia. Each patient wore full-
frame spectacles that were used during the test. As such,
no lens rim defects were encountered. Lid artefacts were
also not noted in this group of patients.

The types of field defects in idiopathic intracranial
hypertension are typically similar to those found in
patients with glaucoma apart from an enlarged blind
spot.>'® These nerve fibre bundle defects include inferior
nasal defects,® arcuate defects, concentric
constrictions,'*'® generalised depression of the visual
field'® and cecocentral scotomas.'*'® When bundles of
nerve fibres are damaged at the optic disc by
papilloedema, the visual field supplied by the fibres loses
its sensitivity and the result is a scotoma or a localised
depression. Typically the first nerve fibre bundles
affected are those entering the upper or lower pole of the
optic disc. As a result, paracentral scotomas appear
within an arcuate region around fixation, or there is a
depression in the nasal field of vision, or boti. Less
commonly, localised loss of tissue on the nasal side of the
optic disc will produce a temporal wedge.'”

In our study, the most common visual field defects
were enlarged blind spots, arcuate defects, nasal steps
and global constriction. Other patterns of visual field loss
included reduced sensitivity, paracentral scotomas and
temporal wedge defects. Most visual field defects were
minimal or mild (grades 1 to 2).

Enlarged blind spots are the classic visual field defects
in idiopathic intracranial hypertension and are found in
virtually all patients with papilloedema. This visual field
defect was found in all patients in this study. The
enlarged blind spot is rarely noticed by the patient until
it encroaches on fixation where there is extension of
oedema from the disc into the macula. Where choroidal
folds are present, the blind spot may be enormous'® and
it may continue to be enlarged long after the
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papilloedema has disappeared if the choroidal folds
persist.’® Paton and Holmes? first described the
enlarged blind spot and suggested the cause to be retinal
displacement by oedematous optic nerve fibres.
Wilbrand and Saenger (quoted by Corbett™) related
blind spot enlargement in papilloedema to lateral retinal
displacement and folds in the retina. They also
implicated pressure on the circumpapillary retina by the
oedematous tissue. Corbett*! proposed that an enlarged
blind spot was due to peripapillary subretinal fluid
collection that elevates the retina from the retinal
pigment epithelium and results in local hyperopia.
Nasal visual field loss was a common visual defect.
Here, the mechanism is thought to be a combination of
mechanical compression and ischaemic damage to axons
at the disc.”? The special susceptibility of the nasal
inferior visual field in diseases affecting the optic disc
may relate to the regional structural differences in the
lamina cribrosa.?* Since the greatest density of axons is in
the temporal arcuate bundles, it seems plausible that
flow stasis and resultant compression would cause
defects in these areas more often — thus the greater
frequency of nasal as opposed to temporal defects.*
Constriction of the visual field is a common
consequence of chronic papilloedema. This may begin
with small or shallow arcuate scotomas and may
progress to a dense, nasal inferior® or superior visual
field defect similar to the nasal step seen in glaucoma.
Traquair®® suggested that the peripheral contraction of
the visual field is due to interstitial changes in the optic
nerve and is, as a rule, more severe peripherally, with a
tendency to spread inward, resulting in a diminution of
the blood supply to the nerve fibres in that area.
Constriction of the temporal field, usually seen as a
pie-shaped defect pointing to the disc, may occur but is
less common and is more typical of an anomalous optic
nerve or hypoplastic disc.'” These temporal, wedge-
shaped defects breaking out horizontally from the blind
spot are a distinct perimetric rarity. The defect is due to
the absence of nerve fibres in the nasal sector of the retina
and optic disc. In the involved eye, the nasal retina
appears normal except for the absence of superficial
nerve fibre layer striations in the area corresponding to
the field defect. This uncommon defect was documented
in the visual fields of three patients in this study.
Functional visual field defects were recorded on three
occasions from one patient. A monocular temporal
hemifield defect was noted on two occasions and a
monocular temporal quadrant defect was noted on the
third occasion using Humphrey perimetry. Corbett et al.?
noted hysterical visual field defects including tunnel and
spiral defects that further complicated the evaluation and
management of two patients. Both patients had organic
visual field defects present before the hysterical defects
appeared and this was particularly difficult in one
patient who underwent multiple surgical procedures for
what eventually proved to be hysterical visual field loss.
In the one patient in this study, the hemifield and
quadrant defects were not found when tested on the
same visit using Goldmann perimetry, which implicated

functional defects. All other visual field defects from
assessment on other visits were defects typical of optic
nerve head involvement and papilloedema and were
considered true defects in view of their repeatability with
both methods of perimetry and consistency with
previous assessments. However, to clarify further the
presence of visual field loss, particularly when
considering surgical intervention, the patient underwent
electrodiagnostic evaluation that confirmed the presence
of a visual deficit.

Comparison of tests of visual function

Visual field assessment was compared with
measurements of visual acuity and contrast sensitivity to
determine sensitivity to visual deficit. Visual field
assessment was significantly more sensitive than visual
acuity and contrast sensitivity for detection of visual
deficit and there was no significant difference in the
sensitivity of contrast sensitivity and visual acuity to
detection of visual deficit.

The level of visual acuity or appearance of the optic
nerve head (stage of papilloedema) often do not indicate
the state of visual function, and visual acuity usually
remains normal in patients with papilloedema except
where the condition is of long standing® or where
oedema extends into the central 10° of the visual field.
Visual acuity reflects foveal function and does not
indicate the state of preservation of either the paracentral
or peripheral fields.”” We found Snellen visual acuity
testing to be insensitive to visual loss found on
perimetry. A low incidence of the symptom of visual loss
is due probably to the insidious deterioration in vision
until late in the course of the condition.*

In patients with idiopathic intracranial hypertension,
contrast sensitivity testing has been reported to reveal
deficits in 50-75% of eyes tested.***?° Low, middle and
high spatial frequency loss have been reported and it has
been claimed that contrast sensitivity measurement was
superior in detecting visual loss in comparison with
Snellen acuity tests.* Predominantly low spatial
frequency contrast loss has been found, with
improvement beginning at days 4-6 following
shunting.®® These data suggested recovery in slow
axoplasmic transport as the mechanism for
improvement.

The Pelli-Robson chart was used to measure contrast
sensitivity in this study. It is a popular test due to its ease
of use and short test time. However, it was significantly
less sensitive to detection of visual loss than was visual
field assessment. There was no significant difference
between contrast sensitivity and visual acuity in
determining visual deficit. An abnormal response was
often only obtained where a visual field defect of mild or
moderate grade or visual acuity of 6/12 or less was
documented. More detailed computerised measurement
of contrast sensitivity might be more sensitive to
detection of visual deficit but is more time consuming
and has not yet been proved to be as reliable as visual
field assessment.



Detection of visual loss

A limited number of studies of visual function in
idiopathic intracranial hypertension are prospective and
originate from Denmark, USA and Libya. Visual function
has been followed with Bjerrum,m’32 confrontation,®
Goldmann,*** Octopus® and Humphrey (72 point
strategy in central 30°)* perimetry in these studies. Visual
field loss was documented in 8-96% of cases with
manual perimetry and in 77.5-92% of cases with
automated perimetry.

To our knowledge, this present study was the first UK
study to prospectively study visual function in a
consecutive series of patients with idiopathic intracranial
hypertension and document the incidence and types of
visual defects. Visual loss was detected at presentation or
during follow-up in up to 87% of patients when assessed
by Goldmann perimetry and up to 82% of patients by
Humphrey perimetry. The detection of visual field
defects is highly dependent on the visual field strategy
used. The results of this study were compared with those
of Wall and George.* Sixty-seven per cent of the visual
field defects in this study were minimal or mild and as a
result the patient was unlikely to have been aware of the
visual deficit. This finding confirms the necessity for
visual monitoring to detect subtle visual loss, particularly
that of an insidious nature. Of those patients with
moderate or marked visual loss, constriction was the
most common visual field defect documented and these
patients were generally aware of the presence of visual
deficit.

At final assessment, visual field loss was noted in this
study in 75% of patients (63% of eyes) using Goldmann
perimetry and in 56% of patients (46% of eyes) using
Humphrey perimetry. Wall and George* found visual
field defects at final assessment in 51% of eyes using
Goldmann perimetry and in 72% of eyes using
Humphrey perimetry. Although visual field defects at
last assessment were documented in a large number of
patients in our study and in eyes in the study by Wall
and George, most of the defects were minimal or mild
(grades 1 or 2) and the grades of defects were
considerably improved in this study at last assessment in
comparison with the visual fields at initial visit.
Improvement in visual function was noted particularly
in those patients who received medical and/or surgical
treatment to lower intracranial pressure.

Despite the detection of visual field defects in a high
percentage of patients in this study, the final visual
outcome was good. An excellent outcome with normal
visual field was noted in 43% of cases. A good outcome
with minimal or mild defects in asymptomatic patients
was noted in a further 40% of cases. Three patients (9%)
had a poor outcome but had presented with visual loss,
and optic atrophy was noted on fundus examination. A
good outcome could therefore not have been expected for
these patients.

Conclusions

A number of methods were used to assess visual
function in patients with idiopathic intracranial
hypertension. Visual field assessment using either
Humphrey automated or Goldmann manual perimetry
was found to be most sensitive in the detection of visual
deficit in these patients. Visual field loss was
documented at presentation or during follow-up in 87%
of patients assessed by Goldmann perimetry and in 82%
of patients assessed by Humphrey perimetry. The degree
of visual field loss was documented as improving
significantly from initial to final assessment and
throughout the period of follow-up. A variety of visual
field defects were documented, most corresponding to
the presence of papilloedema; commonly these were
arcuate defects, nasal steps, global constriction and
paracentral scotoma defects.

Many visual field defects pass unnoticed by the
patients, being minimal or mild in degree. It is therefore
important to continue visual monitoring throughout the
routine follow-up of patients with idiopathic intracranial
hypertension in order to detect visual loss and any subtle
change on subsequent visits.

If visual field loss can be detected earlier in the course
of optic neuropathy and reliably followed for
progression, then we may more promptly implement
management strategies and determine their effect on
arresting and resolving the visual loss in idiopathic
intracranial hypertension.
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