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Abstract
Purpose—The etiology of third nerve palsy is usually diagnosed by history, motility examination,
and presence of lid and pupil involvement, as well as cranial and vascular imaging. We used high-
resolution magnetic resonance imaging (hrMRI) of the oculomotor nerve and affected extraocular
muscles (EOMs) to investigate oculomotor palsy.

Design—Prospective, noncomparative, observational case series in an academic referral setting.

Methods—Twelve patients with non-aneurysmal oculomotor palsy of duration 0.75 to 252 months
were studied. In the orbit and along the intracranial oculomotor nerve, hrMRI at 1–2mm thickness
was performed. Coronal plane images of each orbit were obtained in multiple, controlled gaze
positions. Structural abnormalities of the oculomotor nerve and associated changes in EOM volume
and contractility were evaluated.

Results—Cases were categorized as tumor-related, congenital, diabetic, traumatic, and idiopathic
according to clinical characteristics and hrMRI findings. Reduction of volume and contractility of
affected EOMs were noted in six patients; however, there was no significant EOMs atrophy in two
cases with diabetic oculomotor palsy, and four cases with aberrant regeneration. hrMRI demonstrated
the oculomotor nerve at the midbrain and at EOMs in all cases, and in two case with previous normal
neuroimaging elsewhere demonstrated contrast-enhancing tumors on the oculomotor nerve. One
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patient with apparently unilateral congenital inferior division oculomotor palsy had no detectable
ipsilateral and a hypoplastic contralateral oculomotor nerve exiting the midbrain.

Conclusions—hrMRI provides valuable information in patients with oculomotor palsy, such as
structural abnormalities of the orbit and oculomotor nerve, and atrophy and diminished contractility
of innervated EOMs. This information could be helpful in diagnosis and management of oculomotor
palsy.

Introduction
Palsy of the oculomotor, or third, cranial nerve is a common cause of ophthalmoplegia.1
Management of oculomotor palsy is challenging because up to six extraocular muscles (EOMs)
can be partially or completely involved: the levator palpebrae superioris, superior rectus (SR),
medial rectus (MR), inferior rectus (IR), inferior oblique (IO) and pupillary sphincter muscles.
Etiologic diagnosis of oculomotor palsy enables prognosis and assists in management. In
adults, the most common causes of oculomotor palsy are aneurysm, microvascular disease and
trauma. In children, congenital factors, trauma, and inflammation are the leading causes.2

Etiology of oculomotor palsy has traditionally been ascertained by history, motility
examination, presence of lid and pupil involvement, and cranial and vascular imaging.
Conventionally, imaging in oculomotor palsy has mainly been for detection of intracranial
aneurysm. However, it is a challenge to demonstrate the path of cranial nerves by conventional
magnetic resonance imaging (MRI) because of their small size, long course, and relationship
to complex bony structures. Recent progress in high-resolution MRI (hrMRI) allows us to
examine nearly the entire course of cranial nerves3,4 and to study the volume, contractility,
and path of the EOMs.5–8 We performed this study to explore the various etiologies of
oculomotor palsy by hrMRI by examining both the third cranial nerve and the affected EOMs.

Patients and Methods
Twelve consecutive patients with oculomotor palsy were identified from an ongoing
prospective hrMRI study of strabismus conducted at the Jules Stein Eye Institute, a referral
facility at the University of California, Los Angeles from 1993 through 2004. No patient had
intracranial aneurysm. All participants in this study had given written informed consent
according to a protocol conforming to the Declaration of Helsinki and approved by the
Institutional Review Board.

Complete ophthalmologic evaluation was performed, including detailed history of strabismus
onset, trauma and systemic illness, external and slit-lamp examinations, prism-cover testing in
diagnostic gaze positions, and fundus examination. Each subject underwent multipositional
hrMRI to disclose any abnormality in the path of the oculomotor nerve and determine the
volume, contractility, and path of EOMs. The same physician (JLD) performed all hrMRI
procedures and evaluations. Cases were categorized as tumor-related, congenital, diabetic,
traumatic and idiopathic according to clinical characteristics and hrMRI findings.

Imaging was performed with a 1.5-Tesla scanner (Signa; General Electric, Milwaukee, WI).
The orbits of each patient were imaged with T1-weighted MRI with an array of surface coils
embedded in a transparent face mask (Medical Advances, Milwaukee, WI) to improve signal-
to-noise ratio and provide fixation targets.3,9,10 The patient’s head was stabilized in the supine
position by securely fastening the surface coil mask to the face with headbands and fixing the
mask to the scanner gantry with foam cushions and tape. For each gaze direction, the patient
fixated a small, individually illuminated, red target delivered by a fiberoptic system mounted
on the face mask during the approximately 3.5-minute scan time. To demonstrate the
contraction and relaxation of the EOM of interest, selected targets were used to obtain images
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in the EOM’s field of action and the opposite field of gaze, respectively. Contiguous 2-mm
thick MRI images were obtained in axial, quasisagittal (parallel to the long axis of the orbit),
and quasicoronal (perpendicular to the long axis of the orbit) planes at 2-mm thick with an 8-
cm field of view and a matrix of 256 x 256 pixels, with T1 weighting and two phase encodings,
providing resolution of 312 μm in scan planes. The orbital apex was demonstrated in
quasicoronal planes at 2-mm thick with a 6-cm field of view, with T1 weighting and three
phase encodings, providing resolution of 234 μm. Imaging of cranial nerves at the brainstem
was performed in 1-mm thickness planes using the heavily T2 weighted FIESTA sequence,
which provides good contrast of cranial nerves against surrounding cerebrospinal fluid.3,4 In-
plane resolution was 195 μm over a 10 cm field of view (matrix 512 x 512) with 10 phase
encodings.

Digital MRI images were converted to 8-bit TIFF format and were analyzed using the NIH
Image Program (W. Rasband, National Institutes of Health; available by ftp from
zippy.nimh.nih.gov). The oculomotor nerve was traced from midbrain to EOMs. The volume
of rectus EOMs in the paretic eye was computed from six contiguous images planes extending
posteriorly beginning at the globe-optic nerve junction 3, and was analyzed as the ratio to the
volume of the corresponding EOM in the unaffected fellow orbit. Quasicoronal image planes
are not appropriate for determination of inferior oblique muscle volume, so this EOM was not
analyzed. Levator muscle volume was not determined. Contractility of EOMs was determined
by increase in cross-section from relaxed to contracting gaze directions.5,9 Statistical analysis
was performed using StatView 5.0 (SAS Institute, Cary, NC).

Results
Characteristics of the 12 patients with oculomotor palsy are summarized in Table 1, and include
data on 7 males and 5 females with average age 37.3 ± 23.5 years (mean ± standard deviation,
SD, range, 6–82). Duration of oculomotor palsy ranged from 0.75 to 252 months before
enrollment in the study. These 12 patients included two cases of due to tumors, one congenital,
11 two diabetic, and three traumatic cases. Four cases had no definite etiology after complete
evaluation and thus were defined idiopathic. Patients 2, 3 and 12 had limitation in infraduction
and adduction only, without supraduction and upper lid involvement, and hence were regarded
as having inferior division palsy. The other patients had clinical signs of EOMs involvement
in the territories of both superior and inferior divisions, though the severity of involvement of
each EOM varied. Aberrant regeneration to the upper lid was noted in patients 6, 7, 8 and 9.

The hrMRI technique employed here readily demonstrated the path of the oculomotor nerve
from midbrain to the innervated EOMs, except in the cavernous sinus. Significant
abnormalities of the oculomotor nerve and atrophy of the involved EOMs were disclosed by
MRI in tumor-related and congenital oculomotor palsy. Although patients 1 and 2 had previous
normal neuroimaging elsewhere, hrMRI in this study demonstrated contrast-enhancing tumors
on the oculomotor nerve in the subarachnoid and intraorbital regions, respectively. Neither
case had signs of neurofibromatosis. The involved EOMs exhibited varying degrees of atrophy.
Patient 3 had clinically unilateral congenital inferior division oculomotor palsy that proved on
hrMRI to be bilateral but asymmetrical. The MRI at midbrain level showed no detectable
ipsilateral oculomotor nerve and a hypoplastic contralateral oculomotor nerve. The IR and MR
EOMs were smaller in the ipsilateral orbit. These cases are described in detail in the following
case reports. MRI was helpful in suspected traumatic cases. Patient 6 and 8 with presumptive
diagnosis of oculomotor palsy secondary to remote cranial nerve trauma were both found by
hrMRI to have had direct orbital trauma resulting in occult medial wall blowout fractures.
These patients had no clinical signs of restrictive motility recognized before MRI was
performed. Patient 7 had traumatic oculomotor palsy, combined with superior oblique (SO)
palsy not definitively diagnosed until hrMRI due to the complexity of the motility pattern.
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Patients 4 and 5 had diabetic oculomotor palsy. The ipsilesional oculomotor nerve appeared
normal throughout, and volumes of the affected rectus EOMs were not significantly different
from those of the unaffected fellow eyes (Table 1). The mean ratios of the volumes of affected
to fellow SR, IR and MR EOMs were 0.95, 1.01 and 1.00, respectively. However, contractility
of affected EOMs was significantly reduced (Figure 1). Similar preservation of relative EOM
volumes was observed in patients 6, 7, 8 and 9, who had acquired oculomotor palsy with clinical
signs of aberrant regeneration. In these cases exhibiting aberrant regeneration with preserved
EOM volume, the mean relative volumes were 1.00, 0.97 and 0.98, respectively, of the fellow
EOMs (Table 1).

Case Reports
Patient 1

This 55-year-old woman had a 5-year history of oblique and tilted binocular diplopia associated
with right mydriasis, diminished near vision, and intermittent right blepharoptosis.
Acetylcholine receptor antibody and edrophonium tests for myasthenia gravis were negative.
Trials of oral prednisone and physostigmine were ineffective. Corrected visual acuity was
20/20 in each eye. In dim light, the right pupil was 5-mm in diameter and was slightly reactive
to light and accommodation. The left pupil was 3.5mm and normally reactive. There were
marked limitation to supraduction and infraduction with corresponding slow saccades, and
moderate limitation to adduction of the right eye. There was 45Δ. exotropia (XT) in primary
position that diminished in right gaze and increased in left gaze. In upward gaze, there was a
left hypertropia (HT); while in downward gaze, there was a large right HT. Double Maddox
rod testing demonstrated a 5 degree right incyclotorsion. The patient had elsewhere undergone
two inconclusive MRI scans including the skull base in 5 mm thickness image planes, and one
unremarkable magnetic resonance angiogram (MRA). High-resolution MRI of the orbits
demonstrated reduction in size of branches of the right oculomotor nerve (Fig. 2 upper), as
well as atrophy of all rectus EOMs innervated by these nerves (Fig. 2 lower). Ratios of EOM
volume (right eye/left eye) for SR, IR and MR were 0.70, 0.56 and 0.61, respectively. At the
skull base, hrMRI disclosed a 5 mm diameter, contrast-enhancing tumor of the right oculomotor
nerve at the crossing point of the posterior communicating artery (Fig. 3). Concurrent MRA
demonstrated that this lesion was not an aneurysm.

Patient 2
This 6-year-old girl had progressive adduction paresis of the right eye for 10 months. She had
an extensive but inconclusive testing elsewhere, including multiple conventional MRI studies,
edrophonium testing, and acetylcholine receptor antibody testing. Visual acuity was 20/25 in
the right eye and 20/20 in the left eye. In primary position, she had 50Δ right XT that increased
in left gaze and decreased in right gaze. The right eye demonstrated marked limitation in
adduction with corresponding slow saccades, and mild limitation in infraduction. The pupils
were briskly reactive to light and accommodation. There was no blepharoptosis. Under
anesthesia, hrMRI demonstrated fusiform enlargement of the intra-orbital inferior division of
the right oculomotor nerve that enhanced with contrast consistent with neuroma (Fig. 4). There
was mild atrophy in the right IR and MR. The ratios of EOM volume (right eye/left eye) for
IR and MR were 0.84 and 0.76, respectively.

Patient 3
This 21-year-old woman presented with lifelong, constant, large angle XT and right HT without
diplopia. There was no history of birth trauma. Corrected visual acuity was 20/80 in the right
eye and 20/25 in the left eye. At distance, there was 75Δ XT and 10 Δ right HT. The XT
increased to 100Δ at near. The right eye exhibited marked limitation to infraduction with
normal saccade velocity, and severe limitation of adduction with saccadic slowing. In
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retrospect noted only after orbital hrMRI, the left eye also demonstrated minimal limitation to
infraduction with normal saccade velocity, and slight limitation in adduction with a slow
adducting saccade. The pupils were isocoric and normally reactive to light and accommodation
without relative afferent pupillary defect. The initial clinical diagnosis was congenital right
inferior division oculomotor palsy. High resolution MRI revealed absence of recognizable right
oculomotor nerve at the midbrain, and hypoplasia of the left oculomotor nerve. The right IR
and MR were smaller than corresponding EOMs on the left. The ratios of EOM volume (right
eye/left eye) for IR and MR were 0.72 and 0.73, respectively. The right optic nerve was mildly
hypoplastic. There was greater incyclotorsion of the orbital contents reflecting superior
displacement of the LR pulley, nasal displacement of the SR pulley, and lateral displacement
of the IR pulley. After hrMRI, the diagnosis was revised to congenital, bilateral, asymmetrical
inferior division oculomotor nerve.

Patient 7
This 26-year-old woman had a 5-year history of oblique and tilted binocular diplopia since a
severe head trauma resulting in coma for 6 weeks. Corrected visual acuity was 20/20 in each
eye. The right palpebral fissure measured 6 mm, while the left was 10 mm. There was upper
lid retraction in adduction indicating aberrant regeneration of the oculomotor nerve. The right
pupil was 6.5 mm in diameter and unreactive to light and accommodation. There was marked
limitation in supraduction and infraduction with corresponding slow saccades, and mild
limitation of full adduction of the right eye. There was 35Δ right XT and 14Δ left HT in primary
position. The XT increased in left gaze. The left HT significantly increased in right gaze and
left head tilt. Double Maddox rod testing demonstrated 10 degree left excyclotorsion.
Traumatic right oculomotor nerve with aberrant regeneration and possible left SO palsy was
suspected. Quasicoronal hrMRI of the orbits revealed that the left SO was appreciably smaller
than right SO (Fig. 5). However, volumes of the right SR, IR and MR were not significant
different from those on of the left side. Ratios of EOM volume (right eye/left eye) for SR, IR
and MR were 1.05, 1.01 and 0.97, respectively. Comparing the size of SR and IR between
supraduction and infraduction, contractility of the SR and IR was decreased on the right side.

Discussion
Multiple structural causes of oculomotor palsy can be demonstrated by hrMRI. We used hrMRI
to evaluate 12 patients with oculomotor palsy, often revealing unsuspected etiologies.
Multipositional hrMRI of EOMs in these patients further demonstrated various degrees of
EOM atrophy and decreased contractility that could be useful in surgical planning.

Two cases of presumed neuroma-related oculomotor palsy had previous neuroimaging that
was reported to be normal. However, hrMRI demonstrated contrast-enhancing tumors on the
oculomotor nerve in the subarachnoid and intraorbital regions, respectively, that were too small
to resolve using conventional MRI technique. Although neuromas account for 8% to 10% of
all intracranial tumors in the general population,12 those that involve the isolated oculomotor
nerve have been considered rare. There have been only 27 well documented and histologically
verified cases in the literature.13 Norman et al. reported on 5 children with isolated monocular
oculomotor palsy originally believed to be idiopathic but subsequently documented to be
secondary to a presumed oculomotor nerve neuroma in the subarachnoid space or cavernous
sinus.14 Since neuromas usually exhibit indolent growth, these tumors tend to be small in the
early disease course and easily missed in routine neuroimaging. Perhaps isolated oculomotor
neuroma is not really rare, but only rarely discovered to earlier limitations on diagnostic
imaging. It may be valuable to reconsider the diagnosis of chronic idiopathic oculomotor palsy,
and to consider follow-up scans, especially with hrMRI.
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Congenital oculomotor palsy may exist in isolation due to isolated congenital absence of the
oculomotor nerve or its nucleus, or may be associated with other neurological deficits and
central nervous system abnormalities. Most cases of congenital oculomotor palsy have been
considered unilateral. Congenital bilateral oculomotor palsy has been rarely reported in the
literature.15–17 Isolated inferior division oculomotor palsy has been considered uncommon,
but is usually acquired and associated with trauma, tumor, intracranial hemorrhage, infarction,
demyelinating disease, viral insult, or local orbital disease.2,18,19 Our patient 3 was a rare
case of congenital isolated inferior division oculomotor palsy that was confirmed to be bilateral
but asymmetrical by hrMRI. This sort of clinical presentation might be found more commonly
if detailed hrMRI examination were performed.

Reduced volume of affected EOMs in oculomotor palsy was demonstrated in some current
patients. Similar EOM volume reduction has been reported in other imaging studies of paralytic
strabismus.3,20–22 Even though the EOMs differ from most other skeletal muscles in terms
of constituent fiber types and innervation pattern, significant atrophy of some type-specific
EOM fibers occurs in EOMs after denervation of the oculomotor nerve.23,24 Possible
mechanisms for EOM atrophy may be due to the lack of neurotrophic influence of the motor
neurons, disuse atrophy, and the passive stretch from its antagonist. In our case series, there
was no significant decrease in affected EOM volume in diabetic cases and those with aberrant
regeneration to the upper lid. Perhaps these pathologies do not interrupt the delivery of
neurotrophic factors to EOMs innervated by the oculomotor nerve; if so, this would suggest
that disuse atrophy and passive stretch are not causes of EOM atrophy generally.

Diabetic oculomotor palsy is usually self-limited with recovery within 4 months. Patient 4 had
marked limitation in supraduction, infraduction and adduction; however, the duration of
oculomotor palsy was only 3 weeks. Volume of EOMs might not be significantly reduced
during this short period. Porter et al. demonstrated EOM fiber type-specific alterations of the
MR muscle over time in oculomotor palsy.24 Although the cross-sectional area of some
specific fiber types had significantly changed on the 28th day after denervation, total EOM
cross-sectional area did not change significantly in this stage. Patient 5 was also diabetic and
had partial recovery of affected EOM function after 2 months of onset that implied some degree
of reinnervation. Reinnervation may reverse alterations in EOM fibers24 and thus preserve
EOM volume. Therefore, preservation of EOM volume in diabetic oculomotor palsy might be
attributed to the short time span between onset and hrMRI, and the resolving nature of the
etiology.

Aberrant regeneration is frequently observed in oculomotor palsy. Random misdirection of
regenerating motor axons within an injured oculomotor nerve trunk has been proposed based
on histopathologic, clinical, and experimental evidence.25,26 Clinically, the upper eyelid may
retract on attempted downward gaze (pseudo–von Graefe sign) or adduction (reverse Duane
syndrome); the pupil, which may not react well to light, may constrict on adduction and
infraduction; there may be adduction or retraction of the globe on attempted vertical gaze.
Despite stereotypic patterns of movement, it is believed that the regenerating axons in the
oculomotor nerve do not selectively reinnervate individual EOMs.27,28 Scherer found in
regenerated oculomotor nerve that labeled axons traced from the IO to the oculomotor nerve
trunk were disarrayed in the proximal portion of the oculomotor nerve so as to be distributed
to SR, IR and MR.27 Therefore, a patient presenting a clinically significant aberrant
regeneration to the upper lid might also have subclinical aberrant regeneration to oculorotatory
EOMs. Neurotrophic factors have been shown to prevent atrophy of denervated skeletal
muscle.29–31 There is no similar direct evidence for the role of neurotrophic factors in
denervated EOMs, but restoration and even increase in the cross-sectional area of fibers in
reinnervatated EOMs may be an indirect evidence for the neurotrophic effect of reinnervation
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on EOMs.24 This evidence might explain our finding of preservation of EOM volume in cases
of acquired oculomotor palsy with aberrant regeneration.

Trauma could cause complex strabismus due to cranial neuropathy of multiple cranial nerves,
traumatic myopathy, blow-out fracture with EOM or connective tissue entrapment, or globe
displacement. In our case series, one of the three cases with traumatic oculomotor palsy had
combined traumatic SO palsy, and two had occult blow-out fractures. Orbital imaging by CT
or MRI may be diagnostically useful to ascertain the structural abnormalities of the orbit and
remaining function of EOMs. While CT may optimally demonstrate fractures in orbital bones,
the size, contractility and path of EOMs can be better imaged by hrMRI. Multipositional hrMRI
is especially helpful to define the number of EOMs involved and the nature of the damage.32

Three large studies assert that 23% to 25% of cases of oculomotor palsy in adults are idiopathic.
33–35 The number of idiopathic cases in pediatric patients approaches 47%.36–38 Some cases
in the current series did not receive definite diagnosis of the cause of oculomotor palsy even
after complete evaluation. However, hrMRI showed that one case of idiopathic oculomotor
palsy with aberrant regeneration had preserved EOM volume but decreased contractility. Those
idiopathic cases without aberrant regeneration had significant EOM atrophy of different
degrees in severity.

In conclusion, hrMRI can provide important information in oculomotor palsy regarding
anatomical abnormality, compressive lesion in the path of the oculomotor nerve, and associated
cranial nerve palsy. Further, hrMRI can indicate the degree of atrophy and decreased
contractility of affected EOMs. We suggest that it may be clinically valuable in selected,
complex cases to employ hrMRI to visualize the path of the oculomotor nerve from brainstem
to the individual EOMs.
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Figure 1.
Quasicoronal T1-weighted MRI of patient 4 with right oculomotor palsy. The paretic right
superior rectus muscle (SR) had less contractile thickening from infraduction to supraduction
than the normal left SR. The paretic inferior rectus muscle (IR) had less contractile thickening
from supraduction to infraduction than the normal left IR. LR = lateral rectus muscle; MR =
medial rectus muscle; SO = superior oblique muscle.
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Figure 2.
Quasicoronal T1-weighted MRI of patient 1 with right oculomotor palsy. (Upper) In deep orbit
the motor nerve to the right medial rectus (MR) muscle is smaller than that to the left MR.
(Lower) In mid-orbit, the right superior rectus (SR), inferior rectus (IR) and MR were atrophic,
but. bulk of the superior oblique (SO) and lateral rectus (LR) were preserved. ON = optic nerve.
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Figure 3.
Oblique, axial T2-weighted MRI of patient 1 demonstrates 5-mm diameter contrast-enhancing
tumor of the right oculomotor nerve. Carotid a.a. = carotid arteries, n. III = oculomotor nerve.
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Figure 4.
Quasicoronal MRI of the orbits of patient 2 demonstrates contrast-enhancing neuroma of the
intra-orbital inferior division of the right oculomotor nerve. IR = inferior rectus muscle; LR =
lateral rectus muscle; MR = medial rectus muscle; n. III = third cranial nerve; ON = optic nerve;
SR = superior rectus muscle.
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Figure 5.
Quasicoronal MRI of the orbits of patient 7 with aberrant regeneration of right oculomotor
palsy and suspected left superior oblique (SO) palsy. The left SO was smaller than right SO.
In contrast, there were no significant differences in volumes of the superior rectus (SR), inferior
rectus (IR) and medial rectus (MR) muscles between two orbits.

Kau et al. Page 15

Am J Ophthalmol. Author manuscript; available in PMC 2008 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kau et al. Page 16
Ta

bl
e 

1
C

ha
ra

ct
er

is
tic

s o
f S

ub
je

ct
s w

ith
 T

hi
rd

 N
er

ve
 P

al
sy

.

C
as

e
A

ge
 (y

rs
)

G
en

de
r

Pa
re

tic
 E

ye
E

tio
lo

gy
D

ur
at

io
n 

(m
os

)
C

lin
ic

al
 F

ea
tu

re
s

In
vo

lv
ed

 D
iv

is
io

n
A

be
rr

an
t R

eg
en

er
at

io
n

R
el

at
iv

e 
V

ol
um

e 
of

 M
or

e
C

om
pa

re
d 

to
 L

es
s o

r
U

na
ffe

ct
ed

 M
us

cl
e

SR
IR

M
R

1
55

F
R

ig
ht

Tu
m

or
48

M
ar

ke
dl

y 
lim

ite
d

SU
P,

 IN
F 

&
m

od
er

at
el

y
lim

ite
d 

A
D

D
,

sl
ug

gi
sh

 p
up

il,
m

ild
 p

to
si

s

B
ot

h
N

o
0.

70
2

0.
56

4
0.

60
8

2
6

F
R

ig
ht

Tu
m

or
12

M
ar

ke
dl

y 
lim

ite
d

A
D

D
 &

 m
ild

ly
lim

ite
d 

IN
F,

no
rm

al
 p

up
il,

 n
o

pt
os

is

In
fe

rio
r

N
o

1.
03

2
0.

84
0

0.
76

0

3
21

F
B

ot
h

C
on

ge
ni

ta
l

25
2

R
ig

ht
 e

ye
:

m
ar

ke
dl

y 
lim

ite
d

IN
F 

&
 A

D
D

,
no

rm
al

 p
up

il,
 n

o
pt

os
is

Le
ft 

ey
e:

 sl
ig

ht
ly

lim
ite

d 
IN

F 
&

A
D

D
, n

or
m

al
pu

pi
l, 

no
 p

to
si

s

In
fe

rio
r

N
o

0.
91

4
0.

71
7

0.
73

1

4
73

M
R

ig
ht

D
ia

be
tic

0.
75

M
ar

ke
dl

y 
lim

ite
d

SU
P,

 IN
F 

&
A

D
D

, n
or

m
al

pu
pi

l, 
m

ild
 p

to
si

s

B
ot

h
N

o
0.

90
1

0.
90

2
0.

92
9

5
40

M
Le

ft
D

ia
be

tic
2

M
od

er
at

el
y

lim
ite

d 
SU

P,
 IN

F
&

 A
D

D
, n

or
m

al
pu

pi
l, 

m
ild

 p
to

si
s

B
ot

h
N

o
1.

00
4

1.
12

1
1.

06
5

6
28

M
Le

ft
Tr

au
m

at
ic

12
0

M
ar

ke
dl

y 
lim

ite
d

SU
P,

 IN
F 

&
m

ild
ly

 li
m

ite
d

A
D

D
, f

ix
ed

di
la

te
d 

pu
pi

l,
pt

os
is

B
ot

h
Y

es
0.

98
2

1.
08

2
1.

03
5

7
26

F
R

ig
ht

Tr
au

m
at

ic
60

M
ar

ke
dl

y 
lim

ite
d

SU
P,

 IN
F 

&
m

ild
ly

 li
m

ite
d

A
D

D
, f

ix
ed

di
la

te
d 

pu
pi

l,
pt

os
is

B
ot

h
Y

es
1.

04
6

1.
00

8
0.

97
0

8
48

M
Le

ft
Tr

au
m

at
ic

6
M

ar
ke

dl
y 

lim
ite

d
SU

P,
 IN

F 
&

A
D

D
, f

ix
ed

di
la

te
d 

pu
pi

l,
pt

os
is

B
ot

h
Y

es
1.

03
2

0.
91

6
0.

95
7

9
25

M
Le

ft
Id

io
pa

th
ic

3
M

od
er

at
el

y
lim

ite
d 

SU
P,

 IN
F

&
 A

D
D

, s
lu

gg
is

h

B
ot

h
Y

es
0.

93
1

0.
90

5
0.

94
6

10
82

M
Le

ft
Id

io
pa

th
ic

7
M

ar
ke

dl
y 

lim
ite

d
SU

P,
 IN

F 
&

B
ot

h
N

o
0.

84
8

0.
66

5
0.

95
8

Am J Ophthalmol. Author manuscript; available in PMC 2008 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kau et al. Page 17
C

as
e

A
ge

 (y
rs

)
G

en
de

r
Pa

re
tic

 E
ye

E
tio

lo
gy

D
ur

at
io

n 
(m

os
)

C
lin

ic
al

 F
ea

tu
re

s
In

vo
lv

ed
 D

iv
is

io
n

A
be

rr
an

t R
eg

en
er

at
io

n
R

el
at

iv
e 

V
ol

um
e 

of
 M

or
e

C
om

pa
re

d 
to

 L
es

s o
r

U
na

ffe
ct

ed
 M

us
cl

e

SR
IR

M
R

A
D

D
, s

lu
gg

is
h

pu
pi

l, 
m

ild
 p

to
si

s
11

10
M

R
ig

ht
Id

io
pa

th
ic

60
M

ar
ke

dl
y 

lim
ite

d
SU

P,
 IN

F 
&

A
D

D
,

sl
ug

gi
sh

 p
up

il,
 n

o
pt

os
is

B
ot

h
N

o
0.

82
7

0.
37

2
0.

40
7

12
33

F
Le

ft
Id

io
pa

th
ic

48
M

ar
ke

dl
y 

lim
ite

d
IN

F 
&

 A
D

D
,

no
rm

al
 p

up
il,

 n
o

pt
os

is

In
fe

rio
r

N
o

0.
98

7
0.

79
0

0.
60

0

A
D

D
 =

 a
dd

uc
tio

n;
 F

 =
 fe

m
al

e;
 IN

F 
= 

in
fr

ad
uc

tio
n;

 IR
 =

 in
fe

rio
r r

ec
tu

s m
us

cl
e;

 M
= 

m
al

e;
 M

R
 =

 m
ed

ia
l r

ec
tu

s m
us

cl
e;

 S
R

 =
 su

pe
rio

r r
ec

tu
s m

us
cl

e;
 S

U
P 

= 
su

pr
ad

uc
tio

n.

Am J Ophthalmol. Author manuscript; available in PMC 2008 February 1.


