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Abstract

Aims To characterise the ocular motility

features of chronic progressive external

ophthalmoplegia by quantitative and

semiquantitative means.

To assess the prevalence of diplopia and the

binocular adaptations to nonaligned visual

axes.

Method We studied 25 patients with chronic

progressive external ophthalmoplegia. In each

case muscle biopsies were consistent with

mitochondrial myopathy. All patients

underwent cover test in the primary position,

assessment of binocular status, and

measurement of uniocular fields of fixation

using the Goldmann perimeter.

Results A total of 23 (92%) patients had an

exo-deviation, with six (26%) of those having

an associated vertical deviation: 12 patients

were binocular. Of the 13 patients with a

manifest deviation seven had diplopia and six

had suppression. Of all paired extra-ocular

muscles (EOM), 68% had symmetry of

movement within 51 of each other.

Conclusion Almost all patients had an exo-

deviation. Diplopia was more common than

expected. The majority of patients had

symmetry of EOM limitation.
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Introduction

Chronic progressive external ophthalmoplegia

(CPEO) is a slowly progressive condition

characterised by restriction of eye movements,

ptosis, and orbicularis weakness. Extra-ocular

muscles (EOM) may be slowly paralysed, either

in isolation or in association with other

neurological features. Credit for the first

description of CPEO is usually given to von

Graefe.1 CPEO is a mitochondrial myopathy

associated with deletions, multiple deletions, or

point mutations of mitochondrial DNA

(mtDNA).2–4 Previous descriptions of CPEO

predate the existence of molecular genetic

testing, and such series may have contained

different types of ophthalmoplegia.5 Previous

studies of patients with biopsy-proven

mitochondrial myopathy do not contain a

detailed account of the pattern of

ophthalmoplegia.6,7

We aimed to further characterise the

phenotype of CPEO by quantitative means in a

population of patients with ophthalmoplegia

and skeletal muscle biopsy consistent with

mitochondrial myopathy.

Method

We prospectively recruited 25 patients with

known CPEO, attending neuro-ophthalmology

clinics. All patients had positive muscle biopsies

from vastus lateralis muscle, characterised by a

mosaic of cytochrome c oxidase (COX)-deficient

fibres and mtDNA deletions, multiple deletions

or point mutations, in muscle homogenates.

Testing was standardised using a proforma,

devised to record visual acuity and other

orthoptic tests. All tests were performed using

the patient’s corrective glasses. If there was a

ptosis obscuring the pupil, the lids were lifted

for testing. Cover test and prism cover test were

performed for near and distance in the primary

position.

Worth’s lights were performed at near and

distance fixation, in patients with a manifest

deviation, to assess suppression or diplopia.

Using macular slides, the synoptophore

established whether patients had fusion and

stereopsis, or suppression, at their corrected

angle of deviation.
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Uniocular fields of fixation were used to measure the

excursion of individual EOM, as proposed by Haggerty

et al.8 This technique has been modified from the current

method of testing uniocular fields9 and uses the

Goldmann perimeter to measure movement in the

main field of action of each EOM. One eye is occluded

and the patient is asked to follow the smallest dimmest

light target possible, to ensure foveal fixation, and

indicate when it disappears. The orthoptist can also

objectively monitor the extent of eye movement using

the Goldmann telescope. The test is performed without

spectacle correction because the frames may obscure

the target. To avoid head movements during testing,

the patient’s head is held firmly in place by a chin rest

and head strap. Six radial lines are drawn on the

Goldmann chart for each eye. These correspond to the

angle of purest action of each EOM. For the right

eye, these lines were drawn at 01 corresponding to

lateral rectus, 1801 medial rectus, 671 superior rectus, 2161

superior oblique, 2931 inferior rectus, and

1411 inferior oblique.10 The axes are mirrored for the

opposite eye. The axes were derived from the angle from

the vertical axis that gives the purest action for each EOM.

The symmetry of EOM limitation was defined as a

difference of r51 between one muscle and its equivalent

on the opposite eye, for example, comparing the right

medial rectus with the left medial rectus rather than

comparing yoke muscles. The muscle scores from the

uniocular fields of fixation, for the right eye only,

were also used to identify the EOMs that were most

or least affected. Muscle scores from the CPEO

patients were compared with normal population

values for the right eye only. We did not control for age

and sex.

Results

In all, 25 patients had an orthoptic assessment. There

were 13 male and 12 female patients, with a median age

of 46 years (ranging from 30 to 70 years). The age,

sex, and proportion of COX deficient fibres in the

vastus lateralis muscle of our patients are summarised

in Table 1.

Five patients were unable to perform uniocular fields

of fixation either from an inability to take up central

fixation because of severe muscle limitation or a central

field defect. The 35 normal patients consisted of 15 male

and 20 female patients, with a median age of 38 years

(ranging from 21 to 59 years).

Table 1 Characteristics of patients with chronic progressive external ophthalmoplegia showing age, sex, ophthalmoplegia score,
percentage cytochrome c oxidase (COX)-deficient fibres, and type of mitochondrial DNA mutation

Patient no. Age Sex Ophthalmoplegia score % COX-deficient fibres mtDNA mutation

1 30 F 62 Positivea Single deletion
2 30 M 94 10 Single deletion
3 31 M o30 50 Single deletion
4 33 M o30 Positivea Single deletion
5 34 M 149 20 Multiple deletions
6 34 F 189 Positivea Single deletion
7 36 M 205 5 Single deletion
8 37 M 120 25 Single deletion
9 38 F 82 40 Single deletion
10 38 F 90 10 Single deletion
11 42 F 147 20 Multiple deletions
12 46 F 230 30 Single deletion
13 46 M 101 5 Multiple deletions
14 47 F 193 1 Multiple deletions
15 49 M 187 15 Multiple deletions
16 52 F 114 10 Multiple deletions
17 53 M 118 5 Single deletions
18 54 M 82 50 Single deletion
19 56 F 270 1 Multiple deletions
20 58 M 97 10 Single deletion
21 61 F 170 1 Multiple deletions
22 64 F 116 10 Single deletion
23 68 F o30 Positivea Single deletion
24 69 M 132 2 Multiple deletions
25 70 M 124 20 Point mutation

Positivea means that the biopsy was done elsewhere and accurate quantitation of the percentage of COX-deficient fibres was not obtained or that the

biopsy was done in Newcastle prior to our current protocol for quantitating COX-deficient fibres.
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Type of deviation

There were 23 (92%) patients with an exo-deviation and

six (26%) of these patients had an associated vertical

deviation. The remaining two patients had either no

apparent deviation or a vertical deviation only. Patients

with exo-deviations had a mean angle of 20 prism

dioptres (PD) at 1/3rd m (ranging from 2 to 90 PD), and

of 11 PD at 6 m (ranging from 1 to 90 PD). The mean

vertical angle was 4 PD at 1/3rd m (ranging from 1 to

12 PD) and 5 PD at 6 m (ranging from 1 to 12 PD).

Prevalence of diplopia/suppression

Of the 25 patients with CPEO, 12 were binocular and 13

had a manifest deviation. Of those that had a manifest

deviation, seven patients had diplopia and six patients

had suppression.

Of the six patients with suppression, three had

constant suppression with Worth’s lights and with the

synoptophore. The other three patients had intermittent

suppression for either near or distance.

Symmetry of ophthalmoplegia in CPEO

Our results, summarised in Table 2, show a striking

degree of symmetry when comparing equivalent muscles

of each eye, that is, comparing the right medial rectus

with the left medial rectus rather than comparing

yoke muscles. When the results for all muscles pairs

were combined, 68% of all paired EOMs showed

symmetry of movement between 01 and 51. The range

for individual muscle pairings was between 55%

for the superior oblique muscles and 75% for the superior

rectus and inferior rectus muscles.

Extent and pattern of EOM limitation

The mean score of movement for individual EOMs of the

right eye, of 20 CPEO patients, was calculated with 95%

confidence interval, as shown in Figure 1 and Table 3.

This was compared to a normal population of 35

patients.

The percentage of limitation from normal muscle

excursion scores was also calculated in patients

with CPEO. The limitation of movement from normal

values ranged from 41% for the superior oblique

to 61% for the superior rectus (Table 3). The percentage

limitation from normal values suggests that the

superior oblique is the least affected EOM in patients

with CPEO. This is illustrated in Figure 1, which shows

the mean movement of each EOM for the normal

population and our patients with CPEO.

Table 2 Symmetry of ophthalmoplegia

Difference (deg) Medial rectus Lateral rectus Superior rectus Inferior oblique Inferior rectus Superior oblique

0–5 14 (70) 12 (60) 18 (90) 12 (60) 14 (70) 11 (55)
6–11 5 4 1 4 5 7
12–17 1 3 1 3 1 2
418 0 1 0 1 0 0

Figures indicate the number of patients with ophthalmoplegia scores within 51, 6–111, 12–171, and 4181 comparing equivalent muscles of each eye. That

is, comparing the right medial rectus with the left medial rectus, etc. The total number of patients is 21 because four patients had fields of movement that

were too small to plot accurately or their fixation was too poor. Figures in brackets are the % of patients with ophthalmoplegia scores within 51 for each

muscle.
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Figure 1 Mean excursion in the field of action of each EOM for 21 patients with CPEO (solid line) and 35 normal patients (dotted
line). Vertical bars represent 95% confidence intervals.
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It appears from Figure 1 that the inferior rectus is least

affected in CPEO patients, showing the greatest

excursion of muscle movement on the graph. However,

when proportionately compared to the normal value, the

superior oblique is the least affected EOM.

Discussion

Ophthalmoplegia is the commonest manifestation of

mitochondrial cytopathy. In one series of 66 patients with

mitochondrial cytopathy, 48 developed ptosis or

weakness of EOMs and in 32 of these cases the

ophthalmoplegia was severe, with less than 10% of

the normal range of eye movement.6 There are significant

differences between EOM and skeletal muscle, but

it is not known why EOM are preferentially affected by

mitochondrial disorders. EOM have smaller motor

unit sizes, higher motor neurone discharge rates,11 higher

blood flow,12,13 and higher mitochondrial volume

fractions14 compared to skeletal muscle. This

suggests that the energy requirements and therefore

susceptibility to mitochondrial dysfunction may be

higher.

Although CPEO is a descriptive term, we take it as

being synonymous with a mitochondrial cytopathy

causing progressive restriction of eye movements. For

this reason, our diagnostic standard was the finding of

COX-deficient fibres and deleted or mutated mtDNA in

muscle biopsies from the vastus lateralis muscle.7,15

These criteria may have excluded cases where the

causative mtDNA deletion segregated to EMOs and was

present at undetectable levels in the vastus lateralis

muscle. However, excluding these patients ensures that

we have a homogeneous group of patients with

ophthalmoplegia due to mitochondrial dysfunction. We

believe that this is the largest series of patients with

molecular genetic characterisation to have their eye

movements recorded. Other studies have been largely

descriptive in documenting eye movements whereas our

study uses quantitative and semiquantitative methods.

One possible source of error in recording eye

movements from patients with CPEO is that the target

may be followed by making head movements rather than

eye movements, so that we overestimate the range of

movement. During the test, we limited movement with

the aid of a head strap and a chin rest. Any head

movements that did occur could be detected by

observation through the observation telescope. One

possible improvement to our technique would be the

incorporation of a ‘bite bar’ to further stabilise the head

position.

Although we have data for the test/retest variability in

normal patients, which measures 741,8 because of the

large distances many of our patients with CPEO have to

travel we have not been able to test them on separate

occasions.

We caution against drawing conclusions about

individual muscles as limitations in one direction of gaze

may relate to failure of relaxation of the ipsilateral

antagonist as much as underaction of a single muscle.

Our reason for choosing the above technique is to use a

standardised method, using logically chosen axes, that

could be replicated by other workers. The relative

sparing of the superior oblique may, at least in part, be

artefactual. In normal individuals looking downwards

and nasally, the target may be obscured by the nose,

underestimating the normal excursion in the direction of

action of the superior oblique muscle. This

underestimation would not occur in those patients with

ophthalmoplegia, resulting in apparent sparing of the

superior oblique muscle.

When comparing the same muscle of each eye, for

example right medial rectus and left medial rectus, the

degree of symmetry is striking. Eye movements in the

direction of action of each muscle were within 51 in 68%

of cases.

The symmetry of ophthalmoplegia may be the result of

equal accumulation of deletions or mutations in all

EOMs, or could reflect a significant central or

supranuclear component to the ophthalmoplegia of

CPEO. There is evidence of brainstem abnormalities in

CPEO, from both autopsy studies16 and nuclear magnetic

resonance spectroscopy, which shows widespread

alteration of metabolic profile in the brain.17 There is also

Table 3 Average excursion in degrees, in the field of action of each EOM, for 21 right eyes from patients with chronic progressive
external ophthalmoplegia and 35 right eyes of normal patients

Extra-ocular muscles (right eye)

Medial rectus Lateral rectus Superior rectus Inferior oblique Inferior rectus Superior oblique

CPEO 22 (17–27) 24 (20–27) 17 (14–20) 19 (15–22) 31 (25–36) 29 (23–34)
Normal 51 (46–56) 53 (45–60) 43 (36–50) 46 (39–53) 62 (54–70) 49 (42–56)
CPEO % limitation 57 54 61 59 50 41

Figures in brackets are 95% confidence intervals.
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clinical evidence of more widespread brainstem

dysfunction in CPEO. An increased latency of the blink

response has been measured,18 and in one case an

increased range of eye movement was observed to

oculocephalic testing compared to voluntary eye

movements;19 a hallmark of a supranuclear eye

movement problem.

There did not appear to be any correlation between

non-ocular features such as pigmentary retinopathy and

ophthalmoplegia score. However, most of our patients

only had ophthalmolpegia, so we hesitate to draw any

firm conclusions on this matter without a greater

numbers of patients.

Our results show that the fields of uniocular fixation

are concentrically contracted with modest relative

sparing of downgaze observed elsewhere.20

In all, 48% of our patients had bifoveal fixation. If a

deviation was present, it was almost invariably an exo-

deviation with or without an additional vertical

deviation. If an eso-deviation is present, the diagnosis of

CPEO should be reviewed. In one case referred with

CPEO, but not included in this series, a small eso-

deviation was present. A subsequent muscle biopsy did

not confirm a mitochondrial myopathy, and eye

movement recordings were more consistent with a

supranuclear ophthalmoplegia.

While it is true that most patients with CPEO do not

experience diplopia, our results show that a significant

minority (28%) do. Of those with a manifest deviation,

54% were troubled by diplopia, the other 46% developed

suppression. It is surprising that suppression should

develop so late in life, as the sensitive period during

which abnormal visual experience affects visual

development is thought to finish at about 7 years of

age.21–23 A suppression response was unequivocally

demonstrated on either the Worth 4 dot test and using

the synoptophore, so it seems unlikely that our patients

were ignoring the second image.

Other chronic conditions that affect binocular

function in adult life can result in suppression or

loss of normal binocular function. For example, patients

with asymmetric keratoconus may develop

suppression,24 and long-standing dense cataract in

adults can permanently disrupt binocular function.25–27

The adult visual system may be more plastic than

previously recognised, and the finding of suppression

does not prove that an ocular deviation dates from

childhood. We did not demonstrate anomalous

retinal correspondence in any of our cases, although

one author has suggested that this may occur in

CPEO.28

The ophthalmoplegia of CPEO is said to be

symmetrical, slowly progressive with relative sparing of

downgaze, and is only rarely associated with diplopia.

Our results broadly support this view, but diplopia may

be more common than previously thought.

We have shown that it is possible to quantitate

ophthalmoplegia so that we have a reliable end point for

possible future trials of treatments for mitochondrial

myopathies.
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