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CHAPTER

INTRODUCTION

The pupil controls retinal illumination to maximize visual
perception. The dilator muscle causes pupil enlargement
indimillumination. Thisincreases the amount ofincoming
light to supplement the retinal dark-adaptive mechanisms.
In bright surroundings, the sphincter muscle can reduce
retinal illumination by as much as 1.5 log units. The pupil
also controls the depth of focus of the eye (by constriction)
and reduces optical aberrations.

This chapter is divided into three parts in which
relevant functional anatomy of the pupil, a step-by-step
method of clinical examination of the pupil, and common
disorders involving the pupil are described.

FUNCTIONAL ANATOMY AND
PHYSIOLOGY OF THE PUPIL REFLEXES

PUPIL LIGHT REFLEX

The pupil light reflex consists of three components

(Fig. 15.1)."

1. The afferent arc originates in the eye and comprises the
optic nerve, optic chiasm, and anterior two-thirds of
the optic tract (the lateral geniculate nucleus does not
play a role in the arc).

2. Theinterneuron in the midbrain is the pretectal olivary
nucleus.

3. The efferent arc originates in the Edinger-Westphal
subnucleus of the oculomotor nuclear complex, and
continues along the oculomotor nerve to the ciliary
ganglion, and then along the short ciliary nerves to the
pupillary sphincter muscle.

Diagnostic Approaches in
Pupillary Disorders

Navin Jayakumar, Durga Priyadarshini S

Fig. 15.1: The pupil light reflex pathway
(11" N: oculomotor nerve; BSC: brachium of superior colliculus; CG: ciliary
ganglion; EWN: Edinger—-Westphal subnucleus of oculomotor nucleus
complex; LGN: lateral geniculate nucleus; OC: optic chiasm; ON: optic
nerve; OT: optic tract; PTN: pretectal nucleus; SCN: short ciliary nerves)

Afferent Arc
Photoreceptors

Both rods and cones contribute to the pupil light reflex.
Under scotopic conditions, rods are far more sensitive
to cones in eliciting a pupil contraction. In photopic
conditions, the contribution of the cones to the pupil
contraction is far more than rods. Pupil perimetry shows
that the strength of pupil contraction is greatest when the
central field is stimulated (where the photoreceptor and
bipolar cell density is highest) and drops as the stimulus
moves to the periphery.
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Ganglion Cells

The retinal ganglion cells are the first neurons that give
rise to action potentials that travel along their axons in the
optic nerve and chiasm to cells in the lateral geniculate
body and pretectal nuclei. Cells serving the afferent
pupillomotor arc are most dense in the central retina. The
major contribution to the pretectal olivary nucleus is from
the y ganglion cells (o.- and B-cells project primarily to the
lateral geniculate nucleus). The y-cells have now been
identified as the melanopsin-containing ganglion cells
that play a role in other visually evoked reflexes such as the
circadian rhythm.?

Melanopsin-containing ganglion cells are unique
in that they can also be directly activated by light. Their
photoreceptor-independent stimulation may explain
why the pupil light reflex may be intact in patients with
extensive photoreceptor damage or complete noncerebral
monocular blindness. Studies comparing visual field
defects with pupil perimetry (mapping of pupil sensitivity
tolightacrossthe visual field) shows excellent correlation in
certain diseases (e.g., anterior ischemic optic neuropathy)
butlarge differences in other optic neuropathies (e.g., optic
neuritis) where the visual field defect may be small but the
defects in the “pupil field” are large.** These examples
suggest that there may be relatively separate pathways for
visual perception and pupillary response to light.

Interneuron

The pretectal olivary nucleus lies in the midbrain
dorsolateral to the oculomotor nuclear complex. It is the
interneuron of the pupil light reflex: It receives inputs
from the pupillomotor ganglion cells of the ipsilateral
temporal retina and the contralateral nasal retina (via the
hemidecussation in the chiasm). These fibers leave the
optic tract before its culmination in the lateral geniculate
nucleus and enter the midbrain via the brachium of the
superior colliculus.” The pupillomotor output from each
pretectal olivary nucleus is distributed equally to the
Edinger-Westphal nuclei of both sides to produce a pupil
contraction of equal amplitude.

The contralateral homonymous hemifield organization
of the afferent arc explains the finding of a contralateral
relative afferent pupillary defect (RAPD) in an optic tract
lesion.® This is because the intact ipsilateral temporal field
(projecting along the uninvolved contralateral optic tract)
provides greater pupillomotor input owing to larger retinal
area being stimulated, than the intact nasal field of the
contralateral eye.

Rarely, unilateral lesions of the brachium of the
superior colliculus cause a “tectal RAPD” where pupillary
response to stimulation of the contralateral hemifields is
affected without contralateral homonymous hemianopia
as would occur if the lesion were situated in the optic
tract.”’

Efferent Arc

Axons of cell bodies within the Edinger-Westphal
subnucleus travel along the oculomotor nerve to synapse
with the neurons in the ciliary ganglion in the orbit. The
postganglionic fibers travel along with short ciliary nerves
to innervate the sphinctermuscle of the pupil.

Parasympathetic Oculomotor Nuclei

These subnuclei of the oculomotor nuclear complex
contain cell bodies of preganglionic parasympathetic
neurons that project to the ciliary ganglion and control
pupil contraction to light and accommodation. Located
in the dorsal midbrain they are the Edinger-Westphal
nuclei, the anterior median nuclei, and the nucleus of
Perlia. The Edinger-Westphal nuclei are responsible for
the pupil contraction to light, while the anterior median
nuclei are the primary neurons involved in producing
accommodation response.

Oculomotor Nerve

The pupillomotor fibers are located superficially in the
oculomotor nerve. This explains why the light reflex
is “spared” in ischemic oculomotor nerve palsies, but
“involved” in compressive etiologies such as aneurysms.
The pupillomotor fibers are concentrated in the medial
superior aspect of the oculomotor nerve as it leaves the
brainstem and then gradually move medially and inferiorly
as the nerve approaches the cavernous sinus.® These
fibers are close to the posterior communicating artery.
Aneurysms of this vessel compress the medial and superior
aspect of the oculomotor nerve in the subarachnoid space
causing a “pupil involved” oculomotor nerve palsy.

Ciliary Ganglion

The ciliary ganglion lies in the orbit 1.5-2 cm behind the
globebetween the opticnerve and thelateral rectus muscle,
and in close association with the inferior division of the
oculomotor nerve. The cell bodies are parasympathetic.
Only 3% of the axons of these cell bodies project to the
pupil sphincter, whereas over 94% reach the ciliary
muscle.’ This correlates with the relative masses of the two



muscles. Thus over 90% of the midbrain parasympathetic
outflow is concerned with accommodation and not with
pupil contraction.

Short Ciliary Nerves

Eight to twenty short ciliary nerves leave the ciliary
ganglion in two to three bundles. Apart from postganglionic
parasympathetic fibers destined for the ciliary muscle and
pupil sphincter, these nerves also contain postganglionic
sympathetic vasomotor fibers from the superior cervical
ganglion and sensory afferents of the trigeminal nerve.
The sympathetic and sensory roots to the ciliary ganglion
do not synapse with its parasympathetic cell bodies. The
short ciliary nerves enter the sclera at the posterior pole of
the globe temporal to the optic nerve. They run anteriorly
through the sclera and then in the suprachoroidal space.

DARK REFLEX

The pupil dilates in dim illumination and darkness. This
reflex dilation is bilateral and follows a latency period
that is slightly longer (about 300 ms) than the latency

\ T 4
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of the pupil light reflex. The dark reflex is mediated by
the oculosympathetic pathway (Fig. 15.2). The ocular
sympathetic outflow originates at the hypothalamus and
through a three-neuron pathway innervates the pupillary
dilator muscle and vasomotor supply to the eye.

SYMPATHETIC OUTFLOW PATHWAY
First-order Neurons

The first-order neuron originates in the posterolateral
hypothalamus. The axons descend in the brainstem and
anterolateral columns of the spinal cord to synapse with
the cell bodies of neurons of the ciliospinal center of Budge
and Waller at C8-T2 spinal cord segments.

Second-order Neurons,(Preganglionic)

The cell bodies of these preganglionic neurons lie in the
ciliospinal center of Budge and Waller. Their axons exit the
spinal cord via the ventral root to enter the paravertebral
sympathetic chain. Here they pass without synapsing
through the first thoracic (or stellate) ganglion close
to the pleura at the apex of the lung. The fibers proceed

HT‘
i

/
SCG
[1 o
C8-T2
Fig. 15.2: The oculosympathetic pathway. |—first order neuron; C8-T2—spinal cord segments; ll—second order neuron; Ill—third order

neuron; VI N—abducens nerve
(CG: ciliary ganglion; CS: cavernous sinus; ECA: external carotid artery; HT: hypothalamus; ICA: internal carotid artery; SCG: superior cervical ganglion
of the sympathetic chain)
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uninterrupted through the inferior and middle cervical
ganglia to terminate by synapsing with the postganglionic
neurons in the superior cervical ganglion, which is located
below the base of the skull between the internal jugular
vein and internal carotid artery.

Two sets of branches exit from the superior cervical
ganglion. The first communicates with C1 to C4 segments
of the spinal cord and cranial nerves IX, X, and XII. The
second set innervates the pharynx, the heart, and the
sympathetic effectors in the head. This close relationship
between the superior cervical ganglion and the lower
cranial nerves explains their concurrent involvement in
base of skull pathologies that produce a Horner’s syndrome
and lower cranial nerve palsies.

Third-order Neurons (Postganglionic)

The postganglionic fibers from the superior cervical
ganglion accompany the internal carotid artery as a plexus
surrounding the vessel. Almost immediately sudomotor
and piloerector fibers destined for the face exit this
plexus and follow the external carotid artery to the skin.
The remaining fibers accompany the internal carotid
artery intracranially through the foramen lacerum. In the
cavernous sinus, the oculosympathetic fibers transiently
fuse with the abducens nerve before joining the ophthalmic
division of the trigeminal nerve.'"’ The fibers then enter the
orbit with the nasociliary nerve.

Besides the pupil dilator muscle, other parts of the
eye also receive postganglionic sympathetic innervation.
These include vasomotor fibers to the orbit, fibers to the
branched melanocytes of the uveal tract, fibers to the
extraocular muscles, the Muller’s muscle, lacrimal gland,
and the retinal pigment epithelium.

Innervation of the pupil dilator muscle occurs through
the long ciliary nerves that bypass the ciliary ganglion.
Some sympathetic fibers enter the ciliary ganglion, but exit
it without synapsing along with the short ciliary nerves.
The long and short ciliary nerves pass anteriorly and blend
to form arich plexus from which the iris muscles, ciliary
muscle, and the vessel walls are supplied.

NEAR RESPONSE

When fixation shifts from far to near, three interrelated yet
distinct responses are observed: (1) The pupils contract,
(2) the lens accommodates (becomes more convex), and
(3) the eyes converge. This triad is described as the near
response (Fig. 15.3). It is not described as a near reflex,
because although the three occur virtually simultaneously,

Sympathetic
input

Fig. 15.3: Pupillary near reflex pathway: Near image blur—optic
pathway—extra striate visual area—frontal eye field—(1) Edinger
-Westphal nucleus—ciliary ganglion and sphincter pupillae—miosis
and accommodation; (2) Medial rectus subnuclei—3rd nerve—medial
rectus—convergence

(CG: ciliary ganglion; DP: dilator pupillae; ESVA: extra striate visual area;
EW: Edinger -Westphal nucleus; FEF: frontal eye field; MR: medial rectus;
MRSN: medial rectus subnucleus; ON: optic nerve; RGC: retinal ganglion
cell; SP: sphincter pupillae)

it can be shown experimentally that each component can
be selectively abolished or elicited without affecting the
other two."

The pupil light reflex and the near response miosis
share a common final pathway from the Edinger-
Westphal nucleus, along the oculomotor nerve, to the
pupil sphincter muscle. The supranuclear pathways,
however, are different. Visual stimuli (near-induced blur
and temporal displacement of fixation on the retina)
reach the visual cortex. From here, impulses travel to the
frontal eye fields and thereon to the Edinger-Westphal
nuclei in the midbrain (causing pupil constriction and
lens accommodation) and to both medial recti subnuclei
(producing convergence). In the Edinger-Westphal
nucleus, the cells associated with the accommodation
reflex are situated more ventral to those serving the pupil
response to near. This arrangement explains how dorsal
midbrain lesions produce “light-near dissociation” where
the light reflex is impaired but the pupil constriction to
near is uninvolved.



PRINCIPLES AND TECHNIQUES OF
PUPIL EXAMINATION

HISTORY

Most patients with pupillary abnormalities are unaware of
it. A useful way to evaluate the duration of an abnormality
in pupil size or shape is to take a magnified look the pupils
in photographs of the individual taken over time. This
useful method is sometimes humorously described as
“family album tomography” or “FAT scanning”.
Symptoms associated with pupil size and shape
abnormalities include photophobia, blurring of vision, and
difficulty focusing when moving between environments
with very different illumination levels. A large pupil causes
blur in bright environments while a small pupil causes
images to look relatively dim compared to the normal eye.

PUPIL SIZE

“Are the pupils equal in size? If not, is the difference greater
in darkness or in light?” This is the first question to answer
in the examination of the pupil. Pupil size can be examined
by simple clinical examination using a pupil gauge. A pupil
gauge is a simple handheld card (as a strip or a circle) that
contains a series of solid circles or semicircles of diameters
thatincrease in 0.5 mm steps. The gauge is placed adjacent
to the pupil to estimate which circle (or semicircle) size
best matches the patient’s pupil size.

More sophisticated instruments such as a-handheld
pupil camera or infrared pupillography are also used.'*"
An infrared pupillometer allows pupil observation
even in complete darkness. The iris sphincter can
be transilluminated to show areas of denervation or
renervation.'* Computer-based infrared video pupillo-
graphy is increasingly used clinically to study pupil-related
phenomena. They are used to measure pupil diameter in
the planning of refractive surgical procedures, distinguish
Horner’s syndrome from physiological anisocoria, quantify
RAPD, and for pupil perimetry."

Slit-lamp biomicroscopy of the anterior segment
also provides useful clues. Anterior uveitis (miotic
pupil), corneal edema, and angle closure (mid-dilated
oval pupil), iris transillumination, and areas of atrophy
(post-trauma) are some examples. Segmental pupil
contraction (Adie’s pupil or oculomotor nerve palsy) can
be visualized by turning off and on the slit-lamp beam.
The magnification that a slit lamp provides can be used to
detect a subtle RAPD. With the patient seated at a slit lamp
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and the slit illumination turned off, the swinging-flashlight
test is performed using a transilluminator light, which is
swung back and forth between the eyes. The direct pupil
light response and the consensual light response can be
observed under slit-lamp magnification."®

Pupil Size Measurement

Measure and record pupil size (in mm) in both eyes: (1)
In bright illumination; (2) in dim illumination; and (3) for
nearby using an accommodative target.

Use a scale or preferably a pupil gauge to determine
pupil size. The illumination should be equal in both the eyes.

It is difficult to see the pupils in dim illumination,
especially in a dark iris. For practical purposes, a “dim”
torch or any minimal illumination is useful to visualize the
pupil, for evaluation of pupil size in dim illumination in
dark irides. The illumination must be just enough to allow
visualization of the pupil edge.'” Allow the illumination
to fall evenly on both eyes at the same time, during
measurement.

Anisocoria

Perceptible difference in pupil size between the two eyes
is termed anisocoria: A difference of at least 0.4 mm
between the two eyes. It is present in approximately 20%
of young adults, with the prevalence increasing to 33% in
the elderly.'® Physiological anisocoria is asymptomatic
and both pupils constrict briskly to bright light and
near stimulation, and dilate briskly in dim illumination.
Equality of responses seen on testing for reflexes is a good
indicator of “normal” pupils whatever their size.

DIRECT LIGHT REFLEX

When bright light stimulates one eye, both pupils
constrict. The constriction in the ipsilateral eye is called
the direct reflex, while that in the opposite eye is called
the consensual reflex. Provided there is no lesion in the
autonomic pathways, the direct and consensual reflexes
are clinically of equal magnitude.

Equipment

A good bright uniform light source is required. This
is usually a pen torch or an indirect ophthalmoscope
with the illumination turned to maximum. Clinically,
the ideal instrument is an illuminator fitted to a direct
ophthalmoscope handpiece. The light stimulus should
be adequately bright. A very bright light [as seen in some
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light-emitting diode (LED) torches] causes discomfort.
It may produce spastic miosis lasting several seconds
and will make determination of the normal light reflex
difficult or impossible." Blinking and tearing with glaring
illumination make pupil evaluation difficult. A weak light
source produces a correspondinglyweak pupil constriction
that can be misinterpreted as being sluggish, because
pupil escape may occur under these conditions. Some
torches have patchy uneven illumination. Do not use such
torches with “central scotomas” as they may cause variable
constriction of the pupils that can be misinterpreted.

Method

Keep room as dim as possible. Ask patient to look at a
distant target (e.g., fixation target in mirror). Swing a bright
light source in a quick motion onto the eye. Keep the eye
illuminated for at least 3-4 seconds to observe events
after the initial constriction. The direction of illumination
should be from below and slightly temporal. This keeps
the corneal images of the light source (first and second
Purkinje images) outside the pupillary area, allowing a
good visualization the entire pupil. Keeping a light source
directly in front of the eye will stimulate the near reflex
that will produce a pupil constriction. Observing pupil
constriction by slit-lamp biomicroscopy is not the correct
method of evaluating the direct reflex.

Observation

Record the two aspects of the reaction of the pupil: (1)
Speed of reaction, “brisk or sluggish?” and (2) Sustaining
of pupil constriction on continued illumination, “well-
sustained or ill-sustained?”.

The initial pupil constriction to bright light is called
“pupil capture” (or phasic response).” Pupillary escape
is an abnormal response where the pupil after initially
constricting, redilates and returns to its original size.
This may happen in patients with optic nerve or severe
central or widespread retinal disease and lesions of the
contralateral optic tract. Occasionally, pupillary escape
occurs in a normal eye if a low intensity light source is
used to test the direct reflex. The latency of the pupil reflex
has been shown by pupillography to be 200-280 ms and a
contraction that lasts 450 ms.”

Consensual Light Reflex

This test evaluates the efferent pathway of the pupil light
reflex of an eye by stimulating the opposite eye with a
bright light (Fig. 15.4). The consensual reflex to light is

Fig. 15.4: The direct and consensual pupil reflex (A—dim diffuse light
to illuminate both pupils equally for pupil visualization; B—bright light
stimulus to elicit direct reflex in left eye; C—consensual reflex seen in
right eye)

clinically equal in velocity and amplitude as the direct
reflex. However, it can be shown on infrared pupillography
that the consensual reflex to light is in fact slightly less than
that the direct reflex. This produces about 0.1 mm or less
of what is described as alternating contraction anisocoria
that is not normally visible on naked eye examination."

Method

Keep room as dim as possible. Ask the patient to look at
a distant target (e.g., fixation target in mirror). Use a dim
light source to illuminate the eye whose consensual pupil
reflex is being evaluated. This light should be dim enough
not to elicit a significant direct pupil reflex. Now swing a
bright light source in a quick motion onto the opposite
eye. As for the direct reflex record the speed and sustaining
power of the pupil constriction.

NEAR RESPONSE

The pupil constriction to a near target is a synkinesis that
also involves lens accommodation and convergence.
A pupil with a brisk, well-sustained direct reflex will
usually have a normal near reflex. Conversely, patients
may present with an impaired light reflex with good near
reflex suggestive of light-near dissociation. Light-near
dissociation is characterized by a near response (tested
in moderate light) that exceeds the best constriction
that bright light can produce. Testing for the near reflex
is therefore usually performed when the direct reflex is
suspect. There is no clinical condition in which the light
reflex is present and the near response is absent. A positive
near reflex in a blind individual is an indication of the
integrity of the efferent pathway and the pupil sphincter.



Equipment

The near response is best tested using a small accommo-
dative target, which may sometimes include a Snellen
optotype. A light source such as a pen torch should not be
used. Also avoid using fingers as a near target.

Method

The ambient illumination should be moderate—sufficient
enough for the patient to view the accommodative target.
Ask the patient to keep his eyes focused on a distant target.
Bring the near target about 30 cm in front of the patient’s
eyes and positioned between and slightly below them. Now
instruct the patient to view the near target and observe the
pupil constriction. Keeping the near target too low causes
the eyes to look down, making it difficult to observe the
pupils. Therefore, keep the target only slightly below the
level of the eyes so as not to obstruct the patient’s view of
the distance target. The near reflex may occur slowly in
certain situations (such as in the tonic pupil). To avoid
missing this finding, keep observing the pupil for at least
10 seconds.

Sources of Error

Observe the degree of convergence as an indication of
patient compliance—poor convergence indicates that the
patient may not be trying enough to look at the near target,
or that you are not holding the target near enough. This
can result in an apparently poor near reflex.

Never judge near response by adding a near stimulus
to a bright light stimulus. This action almost always
produces additional constriction leading to “pseudo light-
near dissociation”.

Testing Near Response in a Blind Individual

Observe pupil constriction while instructing patient to
voluntarily cross his eyes. This action does not require
vision. Alternatively, look for the eye-closure pupil
reaction. This is performed by instructing the patient to
close his eyes while the examiner keeps the patient’s lids
open. This maneuver typically produces a strong pupil
constriction.

PUPIL DILATION REFLEX (DARK REFLEX)

This test evaluates the function of the pupil dilator muscle.
Normal pupil dilatation is a function of sphincterrelaxation
plus contraction of the dilator muscle. Pupil dilation
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normally occurs when ambient illumination changes from
bright to dim. The pupils also dilate when fixation is shifted
from near to distance. Very rarely, paradoxical pupillary
responses may be observed in retinal diseases, where
the pupil dilates in bright illumination and constricts to
darkness.” Pupil dilation can also be elicited by sudden
noise or when the back of the neck is pinched (ciliospinal
reflex).

Method

Keep the ambient room illumination bright. Use minimal
illumination evenly over both eyes just sufficient to keep
both pupils visible in the dark. Switch offroom illumination
and observe dilatation of the pupils in the “dark”.

Observation

Normally both pupils should dilate equally within
5 seconds and reach their widest size in 12-15 seconds.
Note that the speed of the dilatation reflex is much slower
than pupil constriction.

More importantly, look for a dilation lag indicating
a weak dilator muscle. A dilation lag is an anisocoria
developing after 2-4 seconds of dark and implies a
sympathetic palsy (Horner’s syndrome). Pupils that show
dilation lag may take up to 25 seconds to return to their
widest dilation with most of the dilation occurring about
10-12 seconds after onset of dark stimulus.

Alternative Methods

Another way to determine dilation lag is to take two sets
of flash photographs of both eyes at 5 seconds (A) and
15 seconds (B) after onset of dark stimulus (Fig. 15.5). If
anisocoria (A) minus anisocoria (B) is >0.4 mm, then a
Horner’s syndrome is confirmed.”

Infrared videography of the pupils demonstrates
dilation lag exquisitely even in very darkly pigmented
pupils. Investigators have shown that redilation lag is
the most sensitive diagnostic test (70% sensitivity and
95% specificity) to detect unilateral or bilateral Horner’s
syndrome.* The test involved videographing a dilated
pupil in the dark that was then subjected to a bright
light stimulus using a xenon arc flash. The time taken
by the pupil from the peak of the light reflex to reach
its baseline dilated state in the dark was measured.
This is termed redilation and shows a delay in Horner’s
syndrome.
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In bright light

In dark (5 sec) o °
In dark (15 sec) O o

Fig. 15.5: Dilation lag in left Horner's syndrome. If anisocoria (at
5 seconds in dark) minus anisocoria (15 seconds after dark) is
>0.4 mm, then a Horner’s syndrome is confirmed

CILIOSPINAL REFLEX

The ciliospinal reflex induces bilateral pupillary dilation to
painful stimuli applied to the skin of the neck (afferent C2
and C3). The reflex is mediated by second- and third-order
sympathetic nerves to the pupil dilator muscle. Therefore,
the ciliospinal reflex is a useful tool in differentiating
central from peripheral sympathetic dysfunction.

Method

Pinch the side or back of the neck while observing both
pupils.

Observation

Look for brisk bilateral simultaneous pupil dilation.
Impaired dilatation reflex on one side suggests a lesion of
the second- or third-order neurons of oculosympathetic
pathway.

HIPPUS OR PHYSIOLOGICAL
PUPILLARY UNREST

In ordinary illumination, healthy young pupils are in a
state of almost constant motion. In the setting of prolonged
illumination, both pupils constrict, then partlyredilate, and
begin to oscillate. In dim illumination, the pupils become
larger and the oscillations are slower. In bright light, they
become smaller and the oscillation rate increases. This
physiological unrest is termed hippus and is present in all
normal individuals. It is not triggered by accommodation.
Hippus is reduced or absent in impairment of the afferent

or efferent arc of the pupillary light reflex and in spastic
miosis.

Oscillatory pupil movements occur with reduced
wakefulness. These “fatigue waves” occur when a normal
patient is very drowsy and is suppressed by mental activity.
This phenomenon is similar but unrelated to hippus.

RELATIVE AFFERENT PUPILLARY DEFECT

In unilateral or asymmetrical bilateral optic neuropathy,
the pupils exhibit differing velocities and amplitudes of
constriction when testing the direct reflex. This difference
is pupil reactivity, which is exploited by the swinging-
flashlight test that exposes this difference as a RAPD.

Hirschberg proposed the concept of RAPD while
describing a case of a young woman with unilateral
retrobulbar neuritis. Gunn described his ability to
differentiate retrobulbar neuritis from nonorganic
visual loss by observing the differences in pupil light
reflex between the eyes.”” Kestenbaum popularized the
concept of RAPD and credited Gunn with its discovery.
Kestenbaum'’s test to demonstrate RAPD was modified
by Levatin who proposed the “swinging-flashlight test” to
demonstrate what was he labeled the Marcus-Gunn pupil
(now described as RAPD).

Kestenbaum’s Pseudoanisocoria Test

This test is not commonly performed nowadays being
superseded by its refinement—the swinging-flashlight
test. Nevertheless, it clearly demonstrates the underlying
concept of the swinging-flashlight test (and can be used in
the unlikely situation of a torch being unavailable!).

Method

With the patient in bright ambient illumination, measure
the pupil size of one eye, keeping opposite eye occluded.
Now perform the above maneuver with the initial eye
occluded and measure the pupil size of the fellow eye
(Figs. 15.6A and B).”

Observation

Due to unequal afferent inputs in the presence of a
unilateral (or asymmetrical bilateral) optic neuropathy,
the affected pupil will be larger than the normal pupil. This
is a pseudoanisocoria since the occluded and therefore,
unobserved pupil is actually of the same size as the
unoccluded pupil. The test will be positive in unilateral or
grossly asymmetric bilateral optic nerve disease. It will not
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Figs. 15.6A and B: Kestenbaum’s pseudoanisocoria test in left optic
neuropathy. Measure each pupil in bright ambient illumination keeping
the opposite eye occluded. Right pupil (A) measures smaller than left
pupil (B), indicating left afferent pupillary defect (note that this is a
pseudoanisocoria since the occluded pupil is actually of the same size
as the unoccluded pupil)

be positive in normals, and cannot be detected in patients
with bilateral symmetric or subtle unilateral optic nerve
disease.

Swinging-flashlight Test

The test is named after Levatin. The pupil with the RAPD
is described as a Marcus-Gunn pupil. The test compares
optic nerve function between the two eyes (Figs. 15.7A
to D). It requires a normal efferent pathway (oculomotor
nerve) and pupillary sphincter, on atleast one side.”

Method

Keep ambient illumination as dim as possible. Ask the
patient to look at a distant target (e.g., fixation target in
mirror). Swing bright light source in a quick motion onto
the eye and observe the reaction of the pupil. After about
3 seconds, rapidly swing the light source to the opposite
pupil and observe its reaction. Continue swinging the light
source in this manner between the two eyes to look for any
relative sluggishness of the reflex or paradoxical dilation of
the pupil of the illuminated eye.”

Observation

A paradoxical dilation of the pupil when light is directed
on it signifies an optic nerve dysfunction in that eye. The
pupil is called the Marcus-Gunn pupil indicating a RAPD
in that eye.
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Figs. 15.7A to D: Swinging-flashlight test. (A) Note equal pupil size in
both eyes in the dark; (B) Stimulus on right eye produces visible right
pupil constriction. Note that the unobserved left pupil constricts equally;
(C) When the torch swings to the left eye, the left pupil paradoxically
dilates. Note that the unobserved right pupil also “dilates” to the same
size. Note also that compared to its size in the dark, the left pupil
is actually constricting to light (compare left pupil size in A and C),
though not to the same degree as the right pupil in (compare right
pupil size between A and B); (D) Swinging the torch back to the right
eye causes normal pupil constriction. Inference—left relative afferent
pupillary defect
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It usually takes less than a second to swing the light
source from one eye to another. Too great a time interval
between stimulation of the eyes results in pupil dilation
in the intervening “dark period” causing a false negative
test in eyes with mild optic nerve disease. Therefore, the
“swing” between the two eyes should be reasonably rapid.
It is recommended that the light source directly swings
across the bridge of the nose as it passes from one eye to
the other in a straight path. This avoids “false negatives”.

Clinical Grading of Relative Afferent
Pupillary Defect

Relative afferent pupillary defect can be clinically graded
and has been correlated with corresponding values of
neutral density (ND) filter log units (Table 15.1).*

Quantifying Relative Afferent Pupillary Defect

Relative afferent pupillary defect is commonly quantified
using ND filters of varying log units (Figs. 15.8A to C).

A set of ND filters of 0.3, 0.6, 0.9, and 1.2 log units is
adequate for clinical quantification.” These filters degrade
the intensity of the stimulus in the normal eye. This

simulates visual conditions of an eye whose optic nerve is
affected. Using ND filters of appropriate log units over the
normal eye, the afferent imbalance between the two eyes
is neutralized. The RAPD ceases to exist and the Marcus-
Gunn pupil disappears.

Method

Perform swinging-flashlight test to determine which eye
has an RAPD. Place increasing log units of ND filters over
the normal eye, while repeating the swinging-flashlight
test. The end point is reached when the Marcus-Gunn pupil
is abolished. The strength of the ND filter placed over the
normal eye at the end point quantifies the degree of RAPD.

Cross polarizing filters have also been used instead
of ND filters.”® Their measurements correlate well with
ND filter measurements. Cross polarizing filters showed
exponential attenuation of light in contrast to linear
attenuation by the ND filters.

A Bagolini or Sbisa bar has also been used to quantify
RAPD. The Sbisa bar is used in amblyopia testing and to
assess density of suppression in strabismus and consists
of 17 sequential red filters. The Sbisa bar is a comparable

TABLE 15.1: Clinical grading of RAPD with corresponding values of ND filters

RAPD grade Features Corresponding ND filter
Grade | Weak initial constriction.and greater redilation 0.4
Grade ll Initial stall and greater redilation 0.7
Grade llI Immediate pupil dilation 1.1
Grade IV Immediate pupil dilation following prolonged illumination of the good eye for 6 seconds 2.0
GradeV Immediate pupil dilation with no secondary constriction Infinity
| (ND: neutral density; RAPD: relative afferent pupillary defect) )

Figs. 15.8A to C: Quantifying RAPD with neutral density filters; (A) Bright light stimulus on the right eye produces visible right pupil constriction;
(B) When the torch swings over to the left eye, the left pupil paradoxically dilated indicating a left RAPD; (C) An ND filter of appropriate strength
reduces the intensity of light stimulus to the normal right eye creating an artificial optic nerve dysfunction (compare direct light reflex in right eye
between A and C). Since both eyes are now equally “affected”, swinging the torch back to the right eye causes no pupil constriction. The left
RAPD has been neutralized

(ND: neutral density; RAPD: relative afferent pupillary defect)



instrument to the ND filter bar in measuring RAPD. Its
availability in the clinical situation makes it a practical
choice.”

Relative afferent pupillary defect can also be quantified
by the swinging-flashlight test performed in combination
withinfrared video pupillography. With thismethod, 0.91og
units and above of RAPD can be reliably demonstrated.”
Reliability is unsatisfactory for RAPD of <0.6 log units.

Interpretation of Relative Afferent
Pupillary Defect

Relative afferent pupillary defect will be present in
unilateral or asymmetric bilateral optic nerve disease.
RAPD will not be present in normal, and cannot be
detected in patients with bilateral symmetric optic nerve
disease. In unilateral optic nerve disease, the degree of
RAPD is broadly proportional to the severity of visual
loss caused by optic nerve dysfunction. Although the
presence of RAPD usually indicates optic nerve disease,
trace RAPD may be observed in dense amblyopia and
significant macular disease; in these situations, the degree
of visual acuity impairment will be far greater than the
degree of RAPD. Significant cataract in one eye causes the
stimulating light to scatter and increase the pupillomotor
“effectiveness” of the stimulus in that eye. This may induce
an apparent RAPD in the opposite eye.

Swinging-flashlight Test with‘One
Normal Pupil

Common situations where this might occur include
sphincter damage (e.g., post intraocular surgery, acute
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angle-closure glaucoma), efferent pupillary defects (e.g.,
oculomotor nerve palsy with internal ophthalmoplegia),
or poor visualization of the pupil (e.g., corneal opacity).

Testing in this situation is based on the principle of the
consensual reflex (Figs. 15.9A and B). The opposite pupil
responds in an identical fashion to the pupil in which the
light stimulus is applied."

Method

Use a dim light source with just sufficient illumination
to illuminate the normal pupil. Perform the swinging-
flashlight test as described earlier, by swinging the bright
stimulating light source between the two eyes but observe
only the dimly illuminated normal pupil.

Observation

If there is optic nerve disease in either eye, the observed
pupil will exhibit an RAPD when the affected eye
(irrespective oflaterality) is stimulated. Remember the eye
with RAPD is the eye being stimulated by the bright light
source; this may or may not be the eye whose pupil is being
observed.

Swinging-flashlight Test in Ocular
Misalignment

With large angle strabismus or displacement of the globe
in orbital disease, an off-axis stimulation of the squinting
eye may result in a suboptimal pupil response and a false
positive test in that eye. This is avoided by orienting the
light source along the visual axis.

Figs. 15.9A and B: Testing for relative afferent pupillary defect (RAPD) with only one normal pupil in the right eye. The left pupil shows traumatic
sphincter tears rendering it unreliable for pupil reflex evaluation. Dim illumination (shaded flashlight) is used to allow observation of the right pupil
in the dark. (A) The right pupil shows a brisk direct reflex; (B) With the bright stimulus over the left eye, the left pupil is predictably immobile, but
the right pupil dilates (by consensual reflex) indicating a left RAPD. Compare this response with the behavior of the right pupil in Figure 15.6C.
The behavior is the same, the only difference being that in the present situation the right pupil (instead of the left) is being observed
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Uncovering a Subtle Relative Afferent
Pupillary Defect

The test is known as the “Tilt Test” This refinement of the
swinging-flashlight test is useful when there is no visibly
“detectable” RAPD, but clinical suspicion of unilateral
optic nerve dysfunction exists.” This clinical prerequisite
is significant as a small percentage of normals may
also demonstrate small degrees of RAPD, which might
also fluctuate between the eyes from time to time, a
phenomenon described as an afferent equivalent of
hippus.*

Equipment

The test requires a weak ND filter of 0.3 log units. A 0.3 log
unit ND filter placed in front of an eye with a suspect RAPD
heightens the inter-eye difference in pupillomotor drive to
a detectable level, thus causing a Marcus-Gunn pupil to
become apparent.

Method

Place 0.3 log unit ND filter in front of one eye and perform
the swinging-flashlight test (Fig. 15.10). Then repeat but
with the same ND filter over fellow eye.

Observation

An eye with subtle optic nerve dysfunction will show
a demonstrable RAPD in the test when the 0.3 log ND
filter is placed in front of it. This occurs because the ND
filter further reduces impulses along an already affected
optic nerve. When the weak ND filter is placed over the
normal eye, impulses along the normal optic nerve are
slightly reduced. This would be approximately equal to
the strength of impulses along the affected optic nerve in
the fellow eye and thus no RAPD would be detected.

EDGE LIGHT PUPIL CYCLE TIME

This test is not a particularly sensitive indicator of optic
nerve disease when compared to the swinging-flashlight
test. Nevertheless, it is useful when patients have bilateral
symmetrical retinal or optic nerve dysfunction or have
only one eye (Fig. 15.11).”

Method

The patient is seated at slit lamp in dim ambient
illumination and instructed to look at an imaginary
distance target. Adjust the beam of the slit lamp to make it

Clinical situation: 0.2 log unit clinically undetectable RAPD LE
use 0.3 log unit ND filter for test

0.3 log unit Total log unit defect .
] Observation

ND filter over RE LE
RE 03 0.2 No RAPD
L= 0.0 0.5 RAPD LE

(0.3+0.2)

Fig. 15.10: Tilt test for uncovering a subtle 0.2 log unit left RAPD that is
clinically difficult to detect. A weak 0.3 log unit ND filter (depicted as a
shaded circle) over the right eye induces a trace pseudoafferent defect
rendering both eyes almost equal in terms of afferent input and no visible
RAPD. However, transferring the ND filter to the left eye increases the
afferent defect to 0.5 log unit (0.2 log unit afferent defect + 0.3 log unit
ND filter = 0.5 log unit) rendering it clinically visible, confirming the
presence of a subtle left afferent defect

(LE: left eye; ND: neutral density; RAPD: relative afferent pupillary defect;
RE: right eye)
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Fig. 15.11: Edge light pupil cycle time

0.5 mm thick and horizontally oriented. The beam is now
focused on the inferior edge of the pupil such that half the
thickness of the beam falls into the pupillary aperture.
The light entering the pupil causes it to constrict. This
constriction causes the entire slit beam to fall below the
inferior pupil margin. The momentary loss of stimulus
causes the pupil to partly dilate. The dilation now readmits
half the slit beam into the pupil. This causes reconstriction
of the pupil, and the cycle starts again.

Observation

Each constriction-dilation is a cycle. With a stop watch,
measure the time for 30 cycles. Repeat the test for five 30-cycle
rounds and calculate the time taken for a single cycle. Total
number of cycles = 30 x 5 = 150. Edge light pupil cycle time
(ELPCT) (in ms) = Total time (in seconds) for 5 rounds x
1,000/150. The normal range of ELPCT is 850-950 ms.
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