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Thesize and the qudity of visud fied are important basic functions to be assessed as apart of
functiona vision assessment.

Evauation of functiona field losses can be organized as follows:

1. Mgor field |l osses:
A. Field losses due to pathway damage
- hdf field loss, right, left
remaining motion perception in ‘blind’ fidd half
- quadrant losses
B. Fidd losses due to disorder s of the eyes
- ROP
- Congenita Glaucoma
- Coloboma
- Retinitis Pigmentosa and related disorders
C. Central Scotoma

2. Minor field | osses

3. Distortion of the image

4. Perceptual losses without measurable field | oss

5. Restriction of functional visual field due to motor problems

It may bewiseto clarify some definitions:
Anterior visual pathways contain ey es and the pathway up to thelaterd geniculate nucleus

(LGN), and posterior visual pathways contain the nerve fibres from the LGN to the primary visua

cortex. Anterior visual impairment is dueto damageto anterior pathways. Posterior visual

impairment is due to damage to posterior visud pathways but may aso be due to abnorma function

in higher visua functions in the associative visua cortices without pathway damage.

Information on visud fied is gven as drawings that depict theloss of function asit is projected
onto the physical space around us. However, because central parts of visud field occupy much
more cortical areain the primary visua cortex, they are magnified (= cortica magnification) in
relation to the peripherd parts of thevisud field (asillustrated in Figure 1).
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Figure 1. Rdationship between the physicd environment and
itsimagein the primary visud cortex. A. Themain building
of the University of Hesinki as a camera and the visud
system record it and its representation in the visuad cortex.
The fixated centre of the pictureis located & the most
posterior part of the visud cortex and thus at the sides of the
picture. B. Visud haf space as represented inC. Relaive size
of the different parts of the visud fidd of B in the primary
visud cortex. The centrd 12 —13 degrees may occupy one
haf of dl area of the primary visud cortex. (Pictures by

. Vdjo Virsu 1981, reproduced by permission.)

Cortical magnification is the anatomica correlate of the fact that visua information in the more
periphera parts of thevisua field is much less visible than in the centre.

=n

T

Figure 2. If you fixate the ST OP-sign & the left |ower corner of the picture for afew seconds, the dot in the right upper
corner of the picture disappears. If there were another dot flickering, as thereis in the PowerPoint presentation, the
flickering dot would remain visible and now and then would make dso the grey dot visible



Visud pathway s have another basic property that is good to remember: visua information that is
not moving looses its representation in afew seconds. This can be demonstrated with asimple
picture (Figure 2).

The phenomenon described in Figure 2 is important in the assessment of scotomas: Aress of visud
field where nothingis happening, disappear from consciousness. Each of us has ablind spot - the
area corresponding to the nerve head — y et we cannot subjectively seeit dthough it can be
documented with perimetry. Smilarly, scotomas caused by retina changes are subjectively
experienced as losses of information first when they areredly large. Inthe very centre of the visua
field the subjective experience of ascotomavaries depending on the structure of the lesion causing
it. If thereis bleedinginto or on the centrd retinathereis adark shadow in the subjective visua
field. If the bleedingis behind the retinathe scotomais acloudy areain the corresponding area of
thevisud field. When we assess the recor dings of perimetric investigations we must not take them
at face value but ask the person what (s)he subjectively experiences.

Scotomas caused by damageto the posterior pathway s may be only partia because visua
information may betransferred viathetectd pathway (Figure 3.) to subcorticd and cortical visud
aress and the damage may be limited to higher-order cortical aress. In this pathway magnocdlular
information dominates and thus movement perception may be present even if form perception is
lost. M ovement perception is not assessed as apart of clinical examinations. Also assessment of
colour perception is often forgotten. Thus, in the clinica examinations only one, form perception, of
the three functions of the visua sy stem is measured. We see forms, colours and motion and all three
need to be assessed in the functional assessment.

Figure 3. Visud pathways transfer information viathe

retinoca carine pathway from the eyes viathe LGN to the primary
visud cortex and viathe tectd pathway bypassing the LGN via
superior colliculus (SC) and pulvinar (P) to corticd visud functions
Parvocd | ular information dominates the retinoca carine pathway

and magnocd lular information the tecta pathway. Parvocd lular
fibres transfer dl colour information and high contrast black-& -
white information, magnocd lular fibres transfer dl movement
related information and low contrast black-& -white information.

Thereis one more physiologc function that we need to be avare of when assessing functional
visud field: short term memory. Sncethe ey es move, the area of scotomafals on different objects
in the environment and visua information from the nearby sighted areas fills in the area of the
scotoma and thus asmall scotoma does not have any functiona importance. Even large scotomas
are effectively filled in by visua information stored in the short time memory .

After this introduction y ou might be convinced that it is not possibleto reliably assess visud fidds.
It is quitetrue but we can learn enough to guide ourselves in the selection of learning techniques.
Clinicd findings gve us astarting point from whereto go on with amore detailed anaysis. A few
examples may demonstrate what to look for:



1. Magjor losses of visual field
A. Fidd losses due to pathway damage

Loss of one hdf of the visud field may beon theleft or right side (=hemianopia) or involve the
lower part of the visud field, morerarely the upper part. Each ty pe of loss affects both orientation
in space and near vision tasks, especidly reading if thereis no macular sparing, sparing of the
central 10-12 degrees of the affected side (Figure 4.)

Figure 4. In hemianopiathere may be totd |0ss of the macular function (A) or the macular fibres are spared and thus the
important centrd 10-12 degrees of the visud field are functioning (B).

If thereis no macular sparing, hemianopiarequires specific training in orientation and mobility to
teach the child to regularly look over to the non-functioning side. Some children with the lesion in
the posterior part of the optic radiation may have quite good function in ther *blind’ hemifield
athough the usua perimetric findings gve theimpression that thereis no function. As an example
isaperson (Case 1), who had left sided hemianopia (Figure 5.B) but had norma flicker sensitivity
in the hemianopic field. If fingers were moved in his ‘blind’ hemifield he reported seeing the
movement but not any forms at 25 degrees from the centre of the visud field.
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Pz Figure 5. Left sided hemianopiawith macular sparing to nearly 10
el A1) o X . degress from the centre of the fidd (Figure 4 B). Flicker
o O ¥ o L. i ..
o » * sensitivity messurements a 30 degress’ eccentricity show
v ” symmetric findings in the normd and in the ‘blind’ hemifidd.
5_ Subjective experience of the environment on the left is different
TR # the normal visual field o from that on theright, it is‘lighter’ and objects are visible but
-:j O the hemianopic visual field without distinct form to about 60 degrees instead of the norma 90
- degrees. In this case there was no difficulty in orientation probably
o dueto norma motion perception (= perception of movements).
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Welearn to use information for orientation in environment only if we are responsible for directiona
decisions and actively move. Next example, Case 2, is aboy who got his éectric whed chair and
was found not to know how to find his way from the school to his home. He had been pushed in a



whed chair until he got the dectric whed chair. We recorded him driving his whed chair from the
school to his home and used the video in mentd training through visudisation (Hy varinen 2001).
After having watched the video numerous times he memorised the route and has later been ableto
train independent travellingin alarger areaaround his home. His field defect covered nearly the
entire left lower quadrant, which often is combined with cortica lesions in the arearesponsible for
spatia awareness and planning.

If thevisua fidd lossisinthelower part of thefield it effectively disturbs mobility. The child
waks with his/her head bent down to compensate for the field loss. Some children get much better
posture when using strong prism gasses.

The effects on reading depend on the size of macular sparing. If thereis no macular sparingaright-
sided field loss makes planning of saccades to land on the next word inadequate; it is not possibleto
make motor plans for the saccadic movement without proper visua map.

Case 3: A child with right-sided loss of visua field had tilted head posture when reading. When he
was taught to hold the book tilted to gain more space for the saccades his head posture became
norma. — Another child preferred holding the book upside down and reading from right to left.

Case 4. A child with left sided visua field loss in the centre of the visud field had difficultiesin
performing the long saccade from the end of alineto the begnning of the next line. A card held
beow thelineto beread was moved oneline a atime and helped in finding the beginning of the
next line.

Although hemianopic reading difficulties are usudly dueto pathway damage, aso retind lesions
causing loss of visud field immediately to theright or left of fixation result in similar reading
problems.

B. Fidd losses due to disorder s of the eyes

The most common causes of visud field defects in children areretinopathy of prematurity (ROP),
congenital gaucoma, coloboma and retinitis pigmentosa

ROP and congenita gdaucoma usualy lead to constriction of the visua field. There may be one or
severd large scotomas inside the visua fied and the sensitivity of thewhole field is often reduced.
These changes cause difficulties in orientation and mobility dueto poor visibility of landmarks and
greater than usual need of magnification of texts.

Coloboma means developmental closure defect in the lower part of the eyeleadingto lack of retina
and/or lower part of theiris. Sncethereis no retinain the lower part of the ey e the corresponding
part of the upper visud field is missing. The lesion may involve one or both eyes. Even whenitisin
both ey es the blind areas are sldom sy mmetric. If the child uses both eyes thefield defects may
overlap each other only minimally.

Retinitis pigmentosa has severd clinica variants with different speed in the development of visua
field defects. The most common ty pe of vision loss starts in the *‘midperiphery’, i.e. not in the
middle or in the periphery but around the central visud field (Figure 6.) This area corresponds to
the area of greatest concentration of rod cdls in theretina. First there are smal patches of loss of
function. By and by these patches enlarge and form apartid, later acompletering around the



centra visud fied. Although this so cdled ring scotomamay not show any responses evento the
largest, brightest stimulus of Goldman perimetry there may be perception of flicker and movement.
Therefore children with ‘absolute ring scotomamay not have difficulties in mobility.

Figure 6. Devd opment of visud fidd changes in typicd cases of retinitis pigmentosa. A. Smadl patches of rd aive loss
of function in midperiphery. B. T he patches become confluent and form aring scotoma around the centrd visud fidd.
C. Thering scotoma becomes larger and only smal remnants of the peripherd visud fidd reman. These pictures are
recordings of Goldman perimetry, which does not record perception of movement. Although the scotomatous arees are
panted black, it does NOT mean totd loss of vision.

In the assessment of visud field in retinitis pigmentosa, automated perimetry often results in even
more misleading findings than Goldman perimetry . When vision for orientation and mobility is
assessed, children with RP and related disorders must be observed in different game, play and
orientation situations if motion perception cannot be investigeted.



C. Central Scotoma

Centrd scotomas usudly damage the very centre of thevisud field; rarely thereis aminute area of
function within the scotoma. The child usudly learns to use an areawith best image qudity and
thus has extrafoved fixation at this preferred retind locus (PRL). If the locus with best resolution is
small the child may use another retinal areawith lower visud acuity in tasks that requirelarger area
of viewing. In the assessment of readingfield it is of interest to know whether the child uses severd
fixation areas. This can be done by mappingthelocation of the blind spot while the child fixates on
texts of different sizes in the middle of the Extrafoved Fixation Recorder (Figure 7).

T 1 Figure 7. Extrafoved Fixation Recorder is a
= /y derivate of the wdl-known Amsler chat. There

is ahole in the middle of the chart where to
place the different fixation targets, usudly texts
of different sizes.

By plotting the location of the blind spot it is
STAD e -+ ’ possible to detect whether the fixation moves
- //‘ from oneretind areato another: the location of

the blind spot shifts as much as does the area

used for fixation.

A In searching for the blind spot the smal pointer
b with adot a both ends is used as the stimulus.
?\ R T he three markings on the right of the chart,

\\ dot, cross and diamond, fdl within the blind
spot a different distances when a person with
Y norma centra visud field fixates the centre of
el the chart and do not disappear a any distance if
the blind spot has shifted from its normd place

2. Minor field losses

Smdl lesions in theretinamay cause minor visua field defects when thereis alarger lesion in the
other visud field so that it cannot compensate for the small field defect. The most common cause,
however, isloss of asmal group of nervefibresin the optic radiation. In both ty pes of lesions the
smal areaof the primary visua cortex that is devoid of information is taken over by visua
information coming viathe surrounding nerve fibres. Functionaly the scotoma disgppears and
affects function only when aminute detail fals onit. Readingis atypica task disturbed by minute

field defects on theright of thefixation area.
Figure 8. Simplified diagram of reading two words. When a
beginning reader fixates his’her gaze on the beginning of a

X Xz word and reeds it, preattentive visud functions simultaneously
‘measure thedistance'y’ to the next fixaion (if the child
T T reeds |etter by letter, this distance changes severd times). The
y visud map is used by motor planning units tha give the

command to the motor units to execute a proper movement.
Before the movement can occur, another command to detach
from the present fixation is given. After that the saccade
X Xz . T
P moves the gaze to the next fixation area where atention is

I T fixed onto the beginning of the word. Problems in reading may

be caused by inadequacies in any of these functions: fixation,
reading, visud presttentive planning, motor planning or motor
execution. If there is scotoma covering the beginning of the




next word (due to aminute lesion in the retina or the optic nerve), visud information for motor planning is misleading.
If the scotomais due to a posterior lesion, there is no scotomain the image that reaches the tectd pathway and thus
information for motor planning is correct. - Scotoma fdling in the middle of aword makes one or two |etters disappesar.

Caseb5: A child had aty picd reading difficulty, errors in spdling occurred without any typica
linguistic pattern. Visud acuity and contrast sensitivity were at low norma vaues with lightly
increased crowding phenomenon. The child had very mild motor problems and was known to have
mild periventricular leucomaacia. Therefore small visual field losses were searched by asking her
to read texts of different sizes. The results were following

8-point text:.... usually hewasgiven > sheread: usualy was gven
12 point text: ... what amount is > sheread: what mount is

18 point text: ... IMAIN r€aS0N > she read: man reason (‘reason’ was read slowly)
When thetext size was 28 points reading errors disgppeared. The errors were losses of letters a a
certain distance from the fixation of the previous or the sameword. Thelikdy causeis asmall
scotomathat “eats’ one or two letters depending on thetext size.

Snce small visua fied defects are common in children with even mild forms of periventricular
leucomdacia, reading should be taught and tested using different text sizes to become aware of the
quality of thereadingfield of the child.

3. Distortion of the image

Distortion of image due to multiple small scotomas or dueto folds or stretching of theretinaare
difficult to diagnose before the child is old enough to use such concepts as ‘straight lines’,
‘perpendicular’ and ‘smooth curve . The child is so accustomed to theimage quality that (s)he
rarely, if ever, spontaneously says anything about what his/her world looks like. Older children
learn to understand their vision better when the structure of theimageis analy sed in detail. This
may aso lead to use of different magnifications in different tasks to minimise the disturbances in
the centra visud fidd.

4. Perceptual losses without measurable field loss

Perceptua losses do not belongto assessment of visua field. They are mentioned here because they
sometimes simulate information loss due to ascotoma. A typica situation is loss of recognition of
facia features: When ayoung child who obviously sees minute details and seems to have normal
visud functions does not recognize family members and peers, distortion and/or scotomas of centrd
visua field may be suspected. In such asituation testing of recognition of facia festures at close
distances and using magnifying mirrors may provethat scotomas cannot explan the difficulty
becauseit is unrelated to theimage size. Further testing using colour photographs (where, however,
the child may use other cues like clothing) and drawings at different contrast levels, the Heidi
Expressions etc., may lead to correct diagnosis of avisua agnosia

5. Restriction of functional visual field due to motor problems

Functiond visua field is much larger than the binocular visud field. Because the ey es move and the
short term memory combines information from severa fixations we are aware of our environment



some 20-30 degrees on both sides behind us. If eye movements arerestricted and need to be
compensated by head movements, which often are not norma in these children, the functiona
visud field is smaller than normd.

Foastic children with uncontrolled head and body movements backwards cannot use their visud
field during these abnorma movements. Often motor disturbance occurs simultaneously aso inthe

intraocular muscles causing transitory myopiaof 10-15 dioptres and thus disgppearance of the
surrounding spacein blur.

Summary

Visudly impaired children may have visud field defects of many different kinds. Clinica
measurements often give agood start to the functiona assessment but should not betaken as atrue
and complete description of the visua fidd. For orientation in the environment, mobility and for
sustained near vision tasks a detailed functiona assessment is necessary .

Reference:
Hyvérinen L (2001) LH-M aterias for Teaching, a CD with video sequencies on assessment of
vision in children with vision problems.



