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The Afferent Pathway
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Midbrain from Lateral side of
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EW nucleus
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The Afferent Pathway(contd.
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The Efferent Pathway

The axons of the EW nucleus extend
into the III n.

Lie on the superficial dorsomedial
aspect as it leave the brain stem

Passes laterally to petroclinod
ligament and dorsum sellae

Located inferiorly as it enters the
orbit
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Pathway of Convergence Retlex

Fibers form Medial Rectus m.
via [II n.

Mesencephalic n. of V n.

Convergence Center in Tectal
or Pre Tectal Region

EW Nucleus

Efferent fibers travel along III

Relay in Accessory Ganglion
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Function of the Pupil

Functions:
Control in retinal [llumination
Reduction in optical aberration
Depth of Focus

Clinical Importance
Objective indicator of Light Input
Anisocoria
Pharmacological Indicator
Indicated level of wakefulness
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The Light Reflex

The light reflex consist of simultaneous and equal
constriction of pupils in response to stimulation of
one eye by light

Pupil constriction is elicited with extremely low

intensities and is proportional within limits to both
intensities and duration of stimulus.
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Direct and Consensual ReTlex
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Near Reflex

Two components:

1. Convergence Reflex: Convergence of visual axis and
associated constriction of pupil

2. Accommodation Reflex: Increased accomodation and
associated constriction of pupil

Near Reflex Traid consists of:
- Increased Accommodation

- Convergence of Visual Axis

- Constriction of pupils

Both neurons in the EW nucleus stimulated from
~SUPRANUCLEAR level
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Near Reflex
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Method of Examination

Confirm that the pupils
respond to light

Compare the pupillary

diameters to one another.

The swinging flashlight test.

Normal responses

Pathological findings

Anisocoria with normal responses
RAPD

Monocular or bilateral deficit
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Near Reflex Test

Instruct the patient to look at the distant target

The examiner holds up a target containing fine detail
approximately 25cm from the patient

Ask the patient to fixate the near target and look for
pupil constriction

Note the speed of the constriction and the roundness
of each pupil

Laxmi

eye institute




Afferent pupillary defects

Assessment of afferent input from the retina, optic nerve, and chiasm, optic
tract and midbrain till LGB

Damage anywhere along this portion of the visual pathway reduces the
amplitude of pupil movement in response to a light stimulus

The pupillary light reflex summates the entire area of the visual field, with

some increased weight given to the central 10°, is roughly proportional to the
amount of working visual field.
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*Other objective tests of visual function, such as the electroretinogram
and visual evoked potential may be inadequate

db

Temporal Nasal Temporal Nasal

© Similarly, peripheral visual field defects caused by glaucoma or
anterior ischemic optic neuropathy may yield a normal visual
evoked potential, or false-negative result, but the pupillary light
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Total Afferent Pathway Deftect

Absence of Direct light reflex on affected side and
absence of consensual light reflex on normal side

When the normal is stimulated both pupils react
normally

Diffuse illumination both pupils are equal in size
Near reflex is normal in both eyes
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RAPD (Relative Afferent Pupillary"Dere

* RAPD cause a reduction in pupil contraction when one eye is
stimulated by light compared with when the opposite eye is
stimulated by light.

* RAPD may be associated with visual field or electroretinographic
asymmetries between the two eyes.

© __Asymmetrical differences in retinal appearance or optic nerve
arance may occur.
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Grading Scale: RAPD

Grade 1+: A weak initial pupillary constriction followed by greater
redilation

Grade 2+: An initial pupillary stall followed by greater redilation
Grade 3+: An immediate pupillary dilation

Grade 4+: Immediate pupillary dilation following 6 sec illumination

Grade 5+: Immediate pupillary dilation with no constriction at all

However, most subjective grading of RAPDs has serious limitations,
such as some large-scale errors that arise from age variations in pupil
size and pupil mobility
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Neutral Density Filters

Estimation of the amount of RAPD in log units provides an objective data.

Accurate quantification of RAPDs is accomplished by determination of the
log unit difference needed to “balance” the pupil reaction between the two
eyes
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Causes Of RAPD

Optic neuritis
Anterior ischemic optic neuropathy
Compressive optic neuropathy
Glaucoma
Optic Nerve Tumors
Orbital Diseases
Ischemic Retinal Diseases : CRAO CRVO BRAO BRAVO
Ocular Ischemic Syndrome
Central serous retinopathy or cystoid macular edema
Retinal detachment
Chiasmal compression
~ Optic tract lesion

(" "Postgeniculate damage
> Midbrain tectal damage
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Wernicke’s Hemianopic Pupl

This phenomenon is caused by division of the optic tract that results
in a contralateral homonymous hemianopia.

The pupils fail to react when a narrow pencil of light is shone onto the
non-seeing part of the retina, but they do react if it falls onto the
seeing retinal areas.

It is also characterized by ptosis on the same side as the hemianopia
and anisocoria with the larger pupil also on the same side as the
hemianopia.

The macular area is often involved and optic atrophy may follow.

Wernicke's Hemianopic pupil occurs as a result of a lesion in the

~optic tract in an area that precedes the splitting of the two types of
fibers.
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ANnisocoria

Anisocoria is defined by a difference in the size of the two pupils of 0.4
mm or greater.

Roughly one fifth of the normal population has an anisocoria, but the
difference in size is not more than imm.

Anisocoria or a difference in pupil size may be normal but may be a
sign of ocular or neurologic disease.

It should be considered a neurosurgical emergency if a patient has
anisocoria with acute onset of third-nerve palsy and associated with
headache or trauma.
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Evaluation of anisocoria

To evaluate anisocoria, the examiner must determine
which pupil is abnormal by noting pupil size under light
and dark illumination.

If the difference in pupil size in both light and dark
illumination is constant, then it is called Physiologic or
Essential anisocoria

Helps differentiate and localize a lesion to one of the PS or
Sympathetic Pathway
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But does not localize the lesion’s location within
those pathways.

Afferent pathways not affected

A lesion in the midbrain produces a subtle and
transient anisocoria.

However, most neurologic causes of anisocoria
involve lesions in the parasympathetic (efferent) and
sympathetic pupillary pathways.
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If the Larger pupil is abnormal (poor constriction), the
anisocoria is greatest in Bright illumination, as the normal
pupil becomes small.

This is caused from the disruption of the
Parasympathetic (efferent) pupillary pathway. [BPL]

If the Smaller pupil is abnormal (poor dilation), the
anisocoria is greatest in Dark illumination, as the normal
pupil becomes large.

It is caused from the disruption of the Sympathetic
puapillary pathway.
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Disorders Characterized by At

Horner’s syndrome
Adie’s tonic syndrome
Third-nerve palsy
Adrenergic mydriasis
Anticholinergic mydriasis
Argyll Robertson pupils

Local iris disease (e.g., sphincter atrophy, posterior
synechiae, pseudoexofoliation syndrome)
+rHutchinson'’s pupil
\.* Bérnard’s syndrome
A
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Anisocoria
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7 e

| 19 apracionidine test |

[ 1% apracionidine test |

r

Anisocoria - greater in light or > Anisocoria greater
greater in dark = darkness? S 7 in fight
— 'l > Slit lamp exam
ilation lag?
normal Wal

Pllocarplne 0,1%

N

Negative (no
change)

Posmvo {large pupil
becomes smaller)

]

Negative (neither

[Posmve {only affected
pupil dilates)

J

!

[Ade's toulic pupil ]

r Pilocarpine 1%

J

ona qnd
Positive {larger pupil Negative (larger pupil
constricis) remains enlarged)
Phenylephrine 1% y Y
<2 ) ( cNmpasy ) [ “Pharmaccicgic® mydriasis |

(Negative (neither pupil dilates) | (Positive (afiected pupil dilaies) |

A

Lax

{

rs

Preganglionic or central
Horne!

] [ Postganglionic Horner's

Fig. 1. Amended flow chart for the evaluation of anisocoria.
eye iNSutute




Efferent Pupillary Defect Etiologies

Iris sphincter damage from trauma
Tonic pupil (Adie’s pupil)
Third-nerve palsy

Traumatic iritis, uveitis, angle-closure glaucoma, pseudoexofoliation syndrome
and recent eye surgery
Pharmacologic agents:
e Unilateral use of dilating drops
« Atropine, cyclopentolate, homatropine, scopolamine, tropicamide,
phenylephrine.
- Sympathomimetic agents: ephedrine, cocaine, ecstasy
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Iris Trauma

An abnormal dilated pupil could be alarming to an examiner because

you must rule out third-nerve palsy from pharmacologic pupil dilation
and traumatic dilated pupil.

A traumatic dilated pupil could be ruled out clinically by careful
history and biomicroscopic examination.

A patient with traumatic iris sphincter damage will present with torn

pupillary margin or iris illumination defects seen on biomicroscopic
examination.
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Adie’s Tonic Pupil

Adie’s tonic pupil refers to an idiopathetic tonic pupil

Adie’s syndrome is applied when both tonic pupil and associated
hyporeflexia are present

Causes:
Idiopathic/ Trauma

Local Disorders: Tumor, Inflammation, Surgery, Infection
within the orbit affecting ciliary ganglion

Systemic Neuropathies: DM, GB syndrome, Ross’s syndrome,
Riley Day syndrome

Unilateral in 80% to 90% of cases and may become bilateral at a rate
sv0£4% per year.
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Adie’s Tonic Pupil (contd.

Due to damage to the ciliary ganglion or postganglion fibers of the
short posterior ciliary nerves.

This subsequently leads to dilated pupil and anisocoria (light > dark).

[t has minimal or no reaction to light but slow reaction to
accommodative response due to damage to the parasympathetic
innervation to the eye.
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Intact near pupillary reflex due to the ratio of fibers that control
the near pupillary reflex is much greater as compared to those

that control the light pupillary reflex.

Preservation of the pupil constriction in accommodation may be
result of accommodative fiber aberrant regeneration

MOme accommodative fibers formerly destined for the ciliary

ody now travel to the pupil becoming misdirected and supply

—

... the iris sphincter.
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Features:

Symptoms:
Difference in the size of the pupils
Unilateral blurred vision
May be asymptomatic
Critical Signs:
Anisocoria (Light > Dark)
Slow pupillary constriction to near response and slow redilation
[ris sphincter sector palsy

Segmental pupil response - “vermiform” pupil response
movement.

ther Characteristics:
Decreased amplitude of accommodation
Diminished deep tendon reflexes of the knee and ankle — Holmes-

égl syndrome.
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Oculomotor Nerve (CN Ill) Pals

without Pupil Involvement
R

Neuro Surgical Emergency
Presentation:

Complete or Partial Palsy with or without pupil involvement
Complete or Partial Ptosis which may mask the diplopia

Its clinical presentation depends on the location of the dysfunction
along the pathway between the oculomotor nucleus in the midbrain

Wts branches of the oculomotor nerve
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DDx: ischemia, aneurysm, tumor, trauma, infection, inflammation or
congenital anomalies.

Diagnosis is critical if pupil in involved
Sparing of the pupil is an important diagnostic sign for ruling out a
more serious etiology such as aneurysm or tumor.

Most pupil sparing cases are microvascular in origin such as diabetes
or hypertension.
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As a rule of thumb, a patient with sudden onset of painful third-nerve
palsy with pupil involvement and no history of trauma or vascular
disease should assume an intracranial aneurysm until proven
otherwise.

The most common site of an intracranial aneurysm causing third-
nerve palsy is :

The posterior communicating artery

Internal carotid artery and basilar artery

Life-threatening emergency : Potential of rupturing and leading to
subarachnoid hemorrhage (within hours or days)
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Sympathetic Pupillary Defects

Disruption along the sympathetic pupillary fibers from hypothalamus to iris
dilator.

Causes of Miotic Pupils:
Horner's Syndrome (Oculosympathetic paralysis)
Argyll Robertson Pupils
Long-Standing Adie's Pupil
Pharmacologic Agents:
e Unilateral use of miotic drops:
 Pilocarpine

e Drugs causing miosis : Narcotics, Barbiturates, Chloral hydrate, Morphine,
Propoxyphene, Tamsulosin
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Horner’s Syndrome (Oculosympe
Paresis)

Clinical signs :
Miosis
Ptosis
Anhidrosis
Apparent enophthalmos.
The common etiologies of acquired Horner’s syndrome include

D
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Second Order Third Order

Arnold-Chiari malformation

Basal meningitis (e.g., syphilis)

Basal skull tumors
Pitutary Tumor

Cerebral vascular accident
(CVA)/Wallenberg syndrome
(lateral medullary syndrome)

Demyelinating disease (e.g.,
__ multiple sclerosis

. Intrapontine hemorrhage

Pancoast tumor

Birth trauma with injury to lower
brachial plexus

Aneurysm/dissection of aorta
Subclavian or common carotid
artery

Lymphadenopathy (Hodgkin
disease, leukemia, tuberculosis,
mediastinal tumors)

Central venous catheterization

Mandibular tooth abscess
Lesions of the middle ear (e.g.,
acute otitis media)

Neuroblastoma

Internal carotid artery dissection

Carotid cavernous fistula

Raeder syndrome (paratrigeminal
syndrome) - Oculosympathetic
paresis and ipsilateral facial pain
with variable involvement of the
trigeminal and oculomotor nerves

Herpes zoster




Features

Symptoms:
Difference in the size of the pupils
Droopy eyelid
Often asymptomatic
Critical Signs:
Anisocoria (dark illumination > light illumination)
Miotic pupil with intact light and near reactions
Mild ptosis (less than 2 mm due to Muller's muscle)
Reverse ptosis (lower lid elevation on same side)
Anhidrosis (first and second-order neuron) lesions
Apparent enophthalmos
Other Characteristics:
Iris heterochromia (lighter iris color in congenital cases)
Increased amplitude of accommodation
Ocular hypotony
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Pharmacologic Testing:

Negative 4% or 10% cocaine testing (no pupillary dilation)
1% hydroxyamphetamine: Localizing the lesion
* First and secod-order neuron lesions (preganglionic) show
pupillary dilation
 Third-order neuron lesions (postganglionic) show NO pupillary
dilation

The dilation of Horner’s pupil is due to the denervation
hypersensitivity of the postsynaptic alpha-1 receptor in the pupil
dilator muscles.
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Pupillary Light-Near Dissociatiof

LND refers to any situation where the light reaction is absent and
pupillary near reaction is present

The near reflex fibers are more ventrally located than the light reflex
fibers, thus the near reflex fibers are spared even with afferent light
reflex fiber lesions.

[F unilateral or bilateral and it’s associated ocular manifestations such
as extra-ocular muscle abnormalities and nystagmus (Parinaud’s
syndrome).
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Causes

Argyll Robertson pupils
Advanced diabetes mellitus
Pituitary tumors

Midbrain lesions: Pinealomas causing Parinaud’s syndrome (Sylvian
aqueduct syndrome, dorsal midbrain syndrome)

Myotonic dystrophy

Adie’s tonic pupil (aberrant regeneration in a mixed nerve)

D
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Argyll Robertson Pupils

Argyll Robertson pupils are miotic pupils with irregular in shape.
[t is usually bilateral, but asymmetric.

The light reflex is absent or very sluggish, but the near reflex is normal
(light-near dissociation).

Rule out Tertiary Syphillis
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Features of ARP

Involvement is usually Bilateral but Asymmetrical
The retinae are sensitive to light

The pupils are small in size and irregular in shape
The light reflex is absent but near reflex is present
Dilate poorly with mydriatics like Atropine
Physiostigmine may cause further constriction
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