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hemifields may contribute to the rel-temporal retina, and the direct pupil-
ative afferent pupillary defect lary reactions were significantly

(RAPD) seen in optic tract or pretecdarger than the consensual reactions.
tal lesions. To understand the archi- For the nasal retina, direct pupillary
tecture of the pupillary pathway, it is reactions exceeded the consensual
necessary to know the size and the reactions, whereas there was nearly
prevalence of such naso-temporal no difference between direct and
differences and also of contraction consensual reactions for the temporal
anisocoria (unequal direct and con- retinas Conclusion: RAPD in optic
sensual pupillary responses) in nor- tract damage or pretectal lesions can-
mal individuals. The results of previ-not be explained by the only slightly
ous studies have been only partially more sensitive nasal retina. Consid-
consistent.e Methods: We regis- erably more input would be needed
tered the direct and consensual pu- from the contralateral than from the
) ) , pillary light reactions in both central ipsilateral retina into the optic tract.
Snﬁg?gn;jg()e -HEE).S\FIJ\{Q?Im +H. Wilhelm retinal hemifields of 42 healthy sub- The nearly equal direct and consen-
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Introduction clei in the Edinger-Westphal complex is still not known

exactly. Patients with unilateral lesions of the optic tract
Differences between nasal and temporal retina have gféat7, 9, 37-39, 42, 47, 49], as well as certain unilateral
importance in view of their separate projection to thkalamic or midbrain lesions [16, 17, 26, 31, 50, 54],
brain. Lesions of the afferent visual pathways affect tekow a marked relative afferent pupillary defect (RAPD)
two hemiretinae differently. The visual fibres from nasalith the swinging-flashlight test in the eye contralateral
retina cross in the chiasm, whereas the fibres from tetm-the lesion. This RAPD usually amounts to between
poral retina project ipsilaterally. This decussation is &3 and 0.9 log units [31, 47, 53], which means that the
sumed to be about 53:47 (crossed:uncrossed) on thedya- contralateral to the lesion needs more than twice as
sis of the histological study by Kupfer et al. [33]. Nevermnuch light for the same pupillary reaction as the ipsilat-
theless, the afferent path of the pupillary fibres from redral eye. A much greater input from one retina into the
na to the pretectum and further to the pupillomotor ncentralateral than into the ipsilateral optic tract would re-
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quire a considerably more effective nasal than tempc

retina in pupillomotor sensitivity. Only a subtle nasc pronitor N

temporal asymmetry of retinal pupillomotor sensitivit [ ]

has been described by several authors in the past [7, -

29, 34, 50]. i = I « \‘—» >
A further crossing of the pupillary path takes place card semilransparent mirror Subject's eye

the midbrain: each pretectal nucleus in the primate t | Monitor 3: Monitor 2:

input to both Edinger-Westphal nuclei with contralater Fixation controlf | _SUmul

predominance [8, 22, 41, 45]. Such an asymmetric cro |

ing in the pretectum is required for “contraction anisoc

ria (greater d'rECt.than cqnse_nsual puplllary reaCtlorag. 1 IR pupillography. Stimulation and registration device for
With an asymmetric crossing in the chiasm and a pigs pupillary light reflex

dominantly contralateral midbrain projection, a larger di-

rect than consensual pupillary reaction occurs when only

one eye is illuminated. Although it was believed to be a The examiner could observe the frame grabber card picture on
pathologic abnormality by some investigators [28, 35honitor 3 outside the box as well as the stimuli sequence on moni-

this contraction anisocoria has been reported by SEVé(Pé\i-/;\./ith a test series in five subjects, we evaluated which stimulus

authors [1' 35, 44, 55]' . . size, luminance and location should be used to obtain reproducible
There are unclear differences between retinal herpipiliary responses.

fields with regard to contraction anisocoria. lllumination For our study, the stimuli were presented on a monitor as white
of the nasal retina causes a larger direct than consenB@Fircles with 10 deg radius and a horizontal offset of 1 deg

; ; St .from the fixation point. This offset was not implemented for the
pupillary contraction. lllumination of the temporal ret'first 20 subjects. Stimulus luminance was 4.6 éd/monitor

na, hOWG_Vef, has beeﬂ reported to give a larger conseRgkkground luminance 1 cd?rfmesopic conditions, stimulus con-
al than direct contraction by some authors [5, 13, 36] arabt 0.78). Stimulus duration was 200 ms with an interval of 4 s

equal reactions in both eyes by others [43, 55]. between two stimulus presentations.

; ; ; _After 10 min adaptation, nasal and temporal retinal hemifields
This study was intended to help to clarify these appg'vrere stimulated 5 times each in both eyes. Pupillograms were reg-

ent contradictions in a large number of healthy subjed@red sequentially, directly and consensually, thus testing four
with low stimulus intensity. We looked for the prevadifferent channels for each eye. With our device, we were not able
lence and the amount of contraction anisocoria in edetperform simultaneous registration of direct and consensual re-
retinal hemifield, i.e. the difference between direct afgonses. Statistical analysis showed no effect of order.

. ; . . - The pupillograms were evaluated offline by applying a curve-
consensual reaction when stimulating one retinal heqq;(l[-ng procedure. By this means, the parameters of the pupillary

field in one eye. We tried to find out whether there wefgovements could be determined more exactly. An artefact rejec-
differences in pupillomotor sensitivity between the nag#n process indicated inaccurate fits and those measurements
and the temporal retina. were discarded. As parameter for the retinal pupillomotor sensitiv-
ity we chose the amplitude of the pupillary contraction in millime-
tres. The data were evaluated by analysis of variance (ANOVA)
for repeated measurements. The ANOVA was weighted by the
Methods number of measurements obtained for each stimulus condition.

Infrared (IR) video computer pupillography was performed in 42
healthy subjects aged 21-39 years. The subject looked intﬁeﬁs““s

“black box”. In a semitransparent mirror the subject could see the

stimuli generated from a computer on monitor 1 at a distanceﬁ&t . .. .

30 cm (Fig. 1). The pupil reactions were registered by an IR-sendfith our stimulus conditions, most subjects had larger
tive video camera behind the mirror. IR light (880 nm) was emiirect than consensual pupillary reactions for the nasal

ted from an array of IR-LEDs fixed at the camera aperture (confetina (contraction anisocoria). For the temporal retina,
cal illumination). The picture of the camera was digitized byng-%% direct reactions were in most cases also slightly larg-
]

frame grabber card and evaluated online by a computer. The pu h h | b h b
was detected by the corneal first Purkinje reflex of about 0.1 than the consensual ones, but there were many sub-

of size generated by the IR-LEDs. Starting from the Purkinje j€cts who presented the inverse relation (Fig. 2). The

flex, a horizontal and a vertical line of the pupil's picture wergmount of contraction anisocoria was always smaller
scanned. The pupil's edges could be detected by a steep changgdi 0.5 mm.

IR light reflection: A bright fundus reflex contrasted with a very : :
dim iris reflex. The pupil diameter was then determined as the The ANOVA showed that the mean direct pupillary

mean of the horizontal and the vertical diameter. The two dianf@action clearly exceeded the mean consensual reaction
ters had to be in a certain ratio for a correct determination of puigr the nasal retina (0.71 mm vs 0.63 mm). For the tem-
glgg‘er;%- Tchoen Sgﬁﬁ'ﬁéffé&'ﬁi&% 'gf Th%azﬂfgﬂ?art;‘e”gphlipr"effézxevv“%ral retina, direct and consensual reactions were nearly
possible by occluding one eye with an IR filter and recording t ual (0'.6.4 mm vs 0'61. mm). This |anuen(_:e of the reti-
pupil reactions through this filter while the other eye observed tal hemifield on the direct-consensual difference was

stimuli. significant £=0.013, Fig. 3).
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Fig. 2 Differences between direct and consensual light reflex g °°°7
(contraction anisocoria) for the nasal and for the temporal retinal 3
hemifield (mm of amplitude). Each point represents one subject & 0.64-
with the nasal mean difference plotted against the temporal mean S-
difference 0624 ];
1
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£ Fig. 5 Direct versus consensual stimulation (means + SE of nasal
~ and temporal stimulation and of both eyes of 42 individuals)
% 0.65 -
2 — <
= 2 -
g . S of 1.13 (direct:consensual=53:47). For the temporal reti-
' na, 0.64 mm of direct reaction and 0.61 mm of consensu-
al reaction give a ratio of 1.05 (direct:consensual=51:49).
0.55 : , T , The nasal retina proved to be significantly more sen-
direct consensual direct consensual sitive than the temporal retina (Fig. 4). The differences
nasal temporal in the pupillary reactions were subtle (nasal 0.67 mm,

Fig. 3 Direct versus consensual pupillary reactions for the natempOral 0.62 mm; mean difference 0.05 mm).The mean
angd the temporal retinal hemifieldp(rr?eangi SE of both eyes of so-_temporal _ratlo of 1.08 corresponds to a sensitivity
individuals) of 52:48 (nasal:temporal). o
The direct pupillary reactions (0.67 mm) significantly
exceeded the consensual reactions (0.62 mm) (contrac-
The direct-consensual difference for the nasal herign anisocoria, Fig. 5) with a mean difference of
field (0.08 mm) was highly significanP€0.01 Student's 0.05 mm. The mean direct-consensual ratio was about
t-test). At least a 5% significant direct—consensual diffex-08.
ence was also found for the temporal hemifield (differ-
ence 0.03 mm). The 95% confidence intervals for the di-
rect—consensual differences — nasal (0.056; 0.104) Biscussion
temporal (0.006; 0.056) — indicate that, for the temporal
retina, the direct and consensual reactions should be dd®eause of the variability of the pupillary light reaction
sidered as more or less equal. (PLR), repeated measurements in many subjects were re-
A direct reaction of 0.71 mm and a consensual reagsred [30, 34]. In 84 healthy eyes, we were able to con-
tion of 0.63 mm for the nasal retina correspond to a rafion the higher sensitivity of the nasal retina compared
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to the temporal retina with our stimulus conditions in tt
central 10 deg area. The central retina is most effect
for pupillomotor input [29], and the central 30 deg visu.
field covers about 80% of the striate cortex [25].

Our ratio of about 52:48 in favour of the nasal retir
is in accordance with a higher density of photoreceptt
and ganglion cells in the nasal retinal field [14, 15, 2
40, 51], but represents only a small asymmetry. As me  Ganglidg Nervus opticus
tioned above, the contralateral RAPD in tract lesions = ciliare
other unilateral impairment of the afferent path to tt
pretectum has not been sufficiently explained up to nc
For a RAPD of about 0.6 log unit, one must postulate  Tractus
greater pupillary input from the contralateral eye int  opticus/” ~ -\
one optic tract than that from an only slightly more se i
sitive nasal retina.

We found larger direct than consensual pupillary ree
tions, but we observed a difference in this contracti
anisocoria between the retinal hemifields. Our results
garding contraction anisocoria when illuminating onl
one retinal hemifield support the results of Smith a Yot
Smith [44] and Wyatt and Musselman [55] rather the PON Y= Z¥ PON
those of Cox and Drewes [13] or Martin et al. [36]. A : - B j
these previous studies like ours, found a larger dirg@j. 6 Hypothetical pathway of the pupillary light reflex from the
than consensual contraction amplitude for the nasal réegiina to the pretectum and back to the iris sphincter. Note the par-

i crossing of temporal pupillary fibres in the chiasm. The pro-
na. For the temporal retina, however, we found neajpg ion from the olivary nucleiRON) to both Edinger-Westphal

equal direct and consensual contraction amplitudesygsei w) is believed to be predominantly contralateral (see
shown by Smith and Smith and by Wyatt and Musseéxt)

man. Given an asymmetric midbrain crossing (see
above), these findings suggest that equal information
from temporal retina must reach both sides of the pretegut from one eye into the contralateral optic tract to
tum, i.e. the pretectal olivary nucleus (PON [23]) (céxplain the marked contralateral RAPD in cases of optic
Fig. 6). tract lesions. This would mean a less strict separation of
Recent findings in primates indicate that the entire viasal and temporal fibres in the chiasmal decussation for
sual field is represented in each PON [12, 22]. Apdhie pupillomotor than for the visual system.
from other possible interpretations, such as cortical pro-Some arguments may be cited for such a partial cross-
jections [12] or an interaction between the two PON [lihg of temporal pupillary fibres in the chiasm: The phy-
41], these findings are in accordance with a direct ptogenetic evolution of the chiasmal crossing runs from
jection of fibres from temporal retina to both PON. completely crossed to partially crossed [34, 48], and the
The finding of a more extensive direct than consendibres from temporal retina have changed their path. In
al reaction when illuminating one eye (i.e. both henmadbinos, the more asymmetric chiasmal crossing is due to
fields together) also is best explained by some tempadexhporal fibres also crossing [3]. It is generally agreed
fibres also reaching the contralateral PON. This greatieat the PLR and the visual system share the same recep-
input to the PON from the contralateral eye amplifies thars [2, 32, 34]. The ganglion cells contributing to the
asymmetric pretectal crossing required for contracti®.R however probably in part are different from the
anisocoria and leads to a greater direct pupillary reactganglion cells projecting to the visual cortex. Apart from
[50]. the M or P system, there is a heterogeneous group of
ganglion cells (W cells in the cat) projecting directly into
midbrain regions [57]. Although it seems obvious that
Hypothetical projection of pupillomotor fibres several different components have an impact on the PLR
[4, 21, 56], these ganglion cells seem to have properties
A direct projection of pupillomotor fibres from temporaappropriate for mediating the PLR with the stimuli we
retina to both PON would imply a decussation of temposed [18, 34, 57]. As the W-analogous cells are phyloge-
ral fibres at an unspecified location in the pupillomotaretically older, it is possible that their fibres cross more
pathway. completely than those of the M and P cells. W-analogous
If such a partial crossing of temporal pupillary fibrebres to the accessory optic system [10, 24] or to the su-
took place in the optic chiasm, there would be sufficieptachiasmatic nucleus [19] apparently do so. In cats,

Chiasma .

Tractus
“ opticus




127

40-60% of the W fibres from temporal retina cross in tipdlary pathway structured in this way most pupillary
chiasm [34, 52]. phenomena could be explained, such as the RAPD in
A crossing of temporal fibres in humans would nainilateral lesions of the afferent path.
necessarily be caused simply by the naso-temporal overin unilateral lesions of the optic tract, reduced but not
lap across the vertical midline in primates [20, 46], fabolished pupillary reactions should then be found in the
such an overlap is small and would also imply nasal iind temporal retina. Although stray light as well as
bres running ipsilaterally. threshold problems complicate matters, this indeed
A model of the pupillary light reflex pathway isseems to be the case [31].
shown in Fig. 6. The pupillomotor fibres from the nasal In conclusion, our results of different ratios of contrac-
retina cross in the chiasm and run to the contralatetiah anisocoria in both retinal hemifields suggest a partial
PON. Pupillary fibres from the temporal retina project wrossing of fibres from temporal retina to the contralateral
both PON with a partial crossing in the chiasm. ThereRON. Thus, information from temporal retina is inferred
a predominantly contralateral projection from the POt reach both left and right PON. Nasal retina seems to be
to both Edinger-Westphal nuclei (EW) [8, 22, 41, 45bnly slightly more pupillomotor sensitive than temporal
Each EW has input to the ipsilateral pupil sphincter. Ottetina. A partial crossing of temporal fibres in the chiasm
er central structures (cortex, thalamus) that possibly haveddition to the crossing of nasal fibres would lead to a
an impact on the pupil are not considered here becalasger input from one eye into the contralateral optic tract.
they are probably not directly involved in the PLR. ThiBhis asymmetry of pupillomotor input into the optic
is a model which is calculated from our results wittnacts could explain the marked RAPD seen in patients
hemifield stimulation and which is based on neuroanaith unilateral optic tract lesions or other unilateral dis-
tomical findings in the literature (see above). With a pturbances of the afferent pupillary pathway.

References

1. Abelsdorff G, Piper H (1905) Ver-
gleichende Messungen der Weite der
direkt und der konsensuell reagieren-
den Pupille. Arch Augenheilkd
51:366-374

2. Alexandridis E (1971) Pupillographie —
Anwendungsmaoglichkeiten als ob-
jektive Untersuchungsmethode der 9.
Netzhautsinnesfunktion. Huthig,
Heidelberg 10.

3. Apkarian P, Eckhardt PG,

8. Benevento LA, Rezak M, Santos A
(1977) An autoradiographic study of
the projections of the pretectum in the
rhesus monkeyMacaca mulattg evi-  18.
dence for sensorimotor links to the
thalamus and oculomotor nuclei. Brain
Res 127:197-218

Burde RM (1967) The pupil. Int 19.

Ophthalmol Clin 7:839-855

Campos-Ortega JA, Glees P (1967)

The subcortical distribution of optic fi-
van Schooneveld MJ (1991) Detection bers inSaimiri sciureugsquirrel mon- pigeon eye: a laser Doppler study.
of optic pathway misrouting in the hu- key). J Comp Neurol 131:131-142 Vis Neurosci 13:655-669
man albino neonate. Neuropediatrics 11. Carpenter MB, Pierson RJ (1973) Pre-20. Fukuda Y, Sawai H, Watanabe M,
22:211-215 tectal region and the pupillary light re- Wakakuwa K, Morigiwa K (1989)

4. Barbur JL, Cole VA, Harlow AJ (1996) flex. An anatomical analysis in the Nasotemporal overlap of crossed and
Investigation of pupil light reflex re- monkey. J Comp Neurol 149:271-300 uncrossed retinal ganglion cell projec-
sponse components: spatial summatiod2. Clarke RJ, Gamlin PDR (1995) The tions in the Japanese monk@jacaca
and contrast gain. Invest Ophthalmol role of the pretectum in the pupillary fuscata)Jd Neurosci 9:2353-2373
Vis Sci [Suppl] 37:5160 light reflex. In: Robbins J et al (eds) 21. Fukahara M, Ukai K, Tsuchiya K,

17. Ellis CJ (1984) Afferent pupillary de-
fect in pineal region tumour. J Neurol
Neurosurg Psychiatry 47:739-741
Eysel U (1995) Sehen. In: Schmidt RF
(ed) Neuro- und Sinnesphysiologied 2
edn. Springer, Berlin Heidelberg New
York, pp 263-304

Fitzgerald ME, Gamlin PD, Zagvazdin
Y, Reiner A (1996) Central neural cir-
cuits for the light-mediated reflexive
control of choroidal blood flow in the

. Behr C (1913) Hemianopische Pupillen-

starre ohne homonyme Hemianopsie.

Z Augenheilkd 58:398-406 13.
. Behr C (1924) Die Lehre von den

Pupillenbewegungen. In: Axenfeld,

Elschnig (eds) Graefe-Saemisch Hand14.

buch der gesamten Augenheilkunde,
vol 2, 34 edn. Springer, Berlin,

pp 1-221 15.
. Bell RA, Thompson HS (1978) Rela-

tive afferent pupillary defect in optic
tract hemianopias. Am J Ophthalmol

85:538-540 16.

Basic and clinical perspectives in vi-
sion research. Plenum Press, New York
Cox TA, Drewes CP (1984) Contraction
anisocoria resulting from half-field illu-

mination. Am J Ophthalmol 97:577-582 22.

Curcio CA, Allen KA (1990) Topogra-
phy of ganglion cells in human retina.
J Comp Neurol 300:5-25

Curcio CA, Sloan KR, Kalina RE,
Hendrickson AE (1990) Human photo-
receptor topography. J Comp Neurol
292:497-523

Eliott D, Cunningham ET, Miller NR
(1991) Fourth nerve paresis and ipsilater-
al relative afferent pupillary defect with-
out visual sensory disturbance. A sign of
contralateral dorsal midbrain disease.

J Clin Neuroophthalmol 11:169-172

23.

Otsuka N, Komachi Y (1994) Compo-
nent estimation of pupillary light re-
flex. Invest Ophthalmol Vis Sci
[Suppl] 35:1279

Gamlin PDR, Clarke RJ (1995) The
pupillary light reflex pathway of the
primate. J Am Optom Assoc
66:415-418

Gamlin PDR, Zhang H, Clarke RJ
(1995) Luminance neurons in the pre-
tectal olivary nucleus mediate the pu-
pillary light reflex in the rhesus mon-
key. Exp Brain Res 106:177-180



128

24. Hendrickson A, Wilson ME, Toyne MJ 35. Lowenstein O (1954) Alternating con- 48. Trejo LJ, Rand MN, Cicerone CM

(1970) The distribution of optic nerve
fibres inMacaca mulattaBrain Res
23:425-427

25. Horton JC, Hoyt WF (1991) The repre-

sentation of the visual field in human
striate cortex. A revision of the classic
Holmes map. Arch Ophthalmol
109:816-824

26. Johnson RE, Bell RA (1987) Relative
afferent pupillary defect in a lesion of
the pretectal afferent pupillary path-

way. Can J Ophthalmol 22:282-284  38.
27. Jonas JB, Schneider U, Naumann GO

(1992) Count and density of human
retinal photoreceptors. Graefe's Arch
Clin Exp Ophthalmol 230:505-510

28. Jones IS (1949) Anisocoria. Attempted39.

induction by unilateral illumination.
Arch Ophthalmol 42:249-253
29. Kardon RH, Kirkali PA, Thompson HS

(1991) Automated pupil perimetry. Pu- 40.

pil field mapping in patients and nor-
mal subjects. Ophthalmology
98:485-495

30. Kardon RH, Moore P, Selky A (1993)
Variability of the relative afferent pu-
pillary defect. Invest Ophthalmol Vis
Sci [Suppl] 35:2059

31. Kawasaki A, Kardon RH (1997) Hemi-

field pupil responses in patients with
tectal midbrain relative afferent pupil-

lary defects: similarity to optic tract le- 43.

sions. Invest Ophthalmol Vis Sci
[Suppl] 38:5391
32. Krastel H, Alexandridis E, Gertz J

(1985) Pupil increment thresholds are 44.

influenced by color opponent mecha-

nisms. Ophthalmologica 191:35-38
33. Kupfer C, Chumbley L, Downer J

(1967) Quantitative histology of the

optic nerve, optic tract and lateral gen-

iculate nucleus in man. J Anat
101:393-401

34.
omy, physiology and clinical applica-
tions. Wayne State University Press,
Detroit

Loewenfeld IE (1993) The pupil. Anat- 46.

traction anisocoria. Arch Neurol Psy-
chiatry 72:742-757

. Martin TI, Kardon RH, Thompson HS
(1991) Unequal direct and consensual 49.

pupillary responses to hemiretinal
stimuli. Invest Ophthalmol Vis Sci
[Suppl] 32:1124

. Newman SA, Miller NR (1983) Optic 50.

tract syndrome. Neuro-ophthalmologic
considerations. Arch Ophthalmol
101:1241-1250 51.
O’Connor P, Mein C, Hughes J,

Dorwart RH, Shacklett DE (1982) The
Marcus Gunn pupil in incomplete optic 52.
tract hemianopias. J Clin Neuroopht-
halmol 2:227-234

O’Connor PS, Kasdon D, Tredici TJ,

Ivan DJ (1982) The Marcus Gunn pupil

in experimental tract lesions. Ophthal-
mology 89:160-164 53.
Osterberg G (1935) Topography of the
layer of rods and cones in the human
retina. Acta Ophthalmol [Suppl] 6:8  54.

. Pierson RJ, Carpenter MB (1974) Ana-

tomical analysis of pupillary reflex
pathways in the rhesus monkey. J
Comp Neurol 158:121-144

. Savino PJ, Paris M, Schatz NJ, Orr LS,

Corbett JJ (1978) Optic tract syn-
drome. A review of 21 patients. Arch
Ophthalmol 96:656-663

Smith SA, Smith SE (1980) Contrac-
tion anisocoria: nasal versus temporal
illumination. Br J Ophthalmol 56.
64:933-934

Smith SA, Ellis CJ, Smith SE (1979)
Inequality of the direct and consensual
light reflexes in normal subjects. Br J
Ophthalmol 63:523-527 57.

55.

. Steiger HJ, Buttner-Ennever JA (1979)

Oculomotor nucleus afferents in the
monkey demonstrated with horseradish
peroxidase. Brain Res 160:1-15

Stone J, Leicester J, Sherman SM
(1973) The naso-temporal division of
the monkey’s retina. J Comp Neurol
150:333-348

. Takahashi T, Hohki T, Entani S,

Yamashita H, Shiba K (1991) Optic
tract syndrome with relative afferent
pupillary defect. Jpn J Ophthalmol
35:325-330

(1989) Consensual pupillary light re-
flex in the pigmented rat. Vision Res
29:303-307
Trobe JD, Tao AH, Schuster JJ (1984)
Perichiasmal tumors: diagnostic and
prognostic features. Neurosurgery
15:391-399
Thompson HS (1991) Pretectal pupil-
lary defects. Editorial comment. J Clin
Neuroophthalmol 11:173-174
Van Buren JM (1963) The retinal gan-
glion cell layer. Thomas, Springfield,

p 62, 130
Wassle H (1982) Morphological types
and central projections of ganglion
cells in the cat retina. In: Osborne N,
Chady G (eds) Progress in retinal re-
search. Pergamon Press, Oxford,
pp 125-152
Wilhelm H (1991) Pupillenreaktionen
— Pupillenstérungen. Kohlhammer,
Stuttgart, pp 60-65
Wilhelm H, Wilhelm B, Petersen D,
Schmidt U, Schiefer U (1996) Relative
afferent pupillary defects in patients
with geniculate and retrogeniculate le-
sions. Neuroophthalmology
16:219-224
Wyatt HJ, Musselman JF (1981) Pupil-
lary light reflex in humans: evidence
for an unbalanced pathway from nasal
retina, and for signal cancellation in
brainstem. Vision Res 21:513-525
Young RS, Han BC, Wu PY (1993)
Transient and sustained components of
the pupillary responses evoked by lu-
minance and color. Vision Res
33:437-446
Zilles K, Rehkampfer G (1994) Funk-
tionelle Neuroanatomie"@edn.
Springer, Berlin Heidelberg New York,
pp 175-210



