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PURPOSE: To evaluate MR patterns in ophthalmoplegia plus and correlate them with clinical 
symptoms. METHODS: MR was performed on a 1.5-T whole-body scanner with T2-weighted 

gradient-echo and spin-echo images. The retrospective analysis included 19 patients with clinically 
established diagnoses of ophthalmoplegia plus. RESULTS: Two types of cerebral MR abnormalities 
were found in ophthalmoplegia plus: brain atrophy and hyperintensities restricted to the white 
matter and basal ganglia, which appeared as either focal or diffuse areas of high signal intensity 
and were of strictly supratentorial location. No specific distribution was found . These findings 

differ markedly from infarction-like lesions found in mitochondrial myopathy, encephalopathy, 
lactic acidosis, and strokelike episodes. CONCLUSIONS: MR is sensitive for the detection of 
central nervous system involvement in ophthalmoplegia plus, but findings are nonspecific. 

However, cerebral MR in ophthalmoplegia plus is different from other mitochondrial encephala

myopathies and underlines the clinical differentiation of mitochondrial encephalomyopathies. 
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Mitochondrial encephalomyopathies are genet
ically defined multisystem disorders with a large 
variety of clinical symptoms. These diseases may 
affect the peripheral and central nervous system, 
skeletal muscles, heart, retina, and other organs. 
The typical morphologic hallmarks in the muscle 
biopsy are "ragged red fibers," which are charac
terized by accumulation of abnormal mitochon
dria. Elevated levels of lactate pyruvate in the 
venous blood under mild physical exercise indi
cate a dysfunction of mitochondrial metabolism 
as well (1-4). Various biochemical, histochemical, 
and genetic abnormalities can be found. However, 
these biochemical or genetic abnormalities can
not be identified in all cases (5-7). 

Among the mitochondrial encephalomyopa
thies, ophthalmoplegia plus and its variant, 
Kearns-Sayre syndrome, are defined by clinical 
symptoms (2). Ophthalmoplegia plus is charac-

Received December 29, 1992; accepted for publication May 11 , 1993. 
From the Departments of Radiology (C.L., G.L. , L.S., W.D., M.R.) and 

Neurology (S.Z.), University of Bonn, Bonn, Germany. 
Address correspondence to Claudia Leutner, MD, Department of 

Radiology, University of Bonn, Sigmund-Freud-Strasse 25, D-5300 Bonn, 

Germany. 

AJNR 15:681-687, Apr 1994 0195-6108/ 94/ 1504-0681 

© American Society of Neuroradiology 

681 

terized by various symptoms such as exercise
induced or permanent pareses and myalgia , 
chronic progressive external ophthalmoplegia, 
cardiac and retinal manifestations, peripheral 
neuropathy, and hypacusis (2, 4). 

Kearns-Sayre syndrome, in contrast, is defined 
by the typical triad of chronic progressive exter
nal ophthalmoplegia, pigmentary retinopathy, 
and onset before age 15 years, with one of the 
following additional symptoms: elevated cerebro
spinal fluid protein, heart block, and cerebellar 
symptoms (6). 

Central nervous disorders associated with 
ophthalmoplegia plus include pyramidal tract and 
extrapyramidal symptoms, cerebellar syndromes, 
and dementia (4). 

In this study, magnetic resonance (MR) findings 
of the brain in patients with ophthalmoplegia plus 
were evaluated and the correlation of MR with 
clinical symptoms was examined. Results were 
compared with reported findings in mitochondrial 
myopathy, encephalopathy, lactic acidosis, and 
strokelike episodes (8). 

Patients and Methods 

Nineteen patients (12 women , 7 men) with a mean age 
of 40 years (range, 18-61) were included in this retrospec-
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tive study. Although MR was not performed routinely, 
almost all patients with ophthalmoplegia plus treated in 
our center of neurology underwent MR. However, patients 
with severe cardiac symptoms requiring a pacemaker 
(about one third of all patients) had to be excluded from 
the study. 

In all patients, diagnosis of ophthalmoplegia plus was 
established by clinical and laboratory findings and muscle 
biopsy . At muscle biopsy all patients presented with ragged 
red fibers , 17 with focal cytochrome c oxidase decrease, 
which is a frequent finding in ophthalmoplegia plus (2). 
Most of them had elevated lactate pyruvate levels in venous 
blood under standardized exercise (bicycle ergometer, n = 
14). 

MR examinations were performed on a 1.5-T whole
body scanner (Gyroscan S 15, Philips Medical Systems, 
The Netherlands) using a standard head coil. The MR 
examinations included axial and coronal proton-density and 
T2-weighted spin-echo images with imaging parameters 
1800/30, 100/2 (repetition time/ echo time/ number of ex
citations; section thickness, 8 mm) and T2~weighted gra
dient-echo images (fast field echo; 800/34; flip angle, 15°; 
section thickness, 4 mm) with an angulation parallel to the 
posterior border of the brain stem. 

Results 

In Table 1 clinical symptoms are presented. 
Chronic progressive external ophthalmoplegia, as 
the principal sign of ophthalmoplegia plus, was 
found in all patients. Most of them showed skel
etal muscle manifestations such as exercise-in
duced or permanent pareses and myalgia (n = 
16), and retinal symptoms such as pigmentary 

TABLE 1: Clinical manifestations of ophthalmoplegia plus 

Case 
Age (y) , 

RRF CPEO 
Cardio- Retino-

Sex pathy pathy 

22, M + + + + 
2 49, M + + + + 

3 30, M + + 
4 35, F + + + 
5 56, M + + + 
6 48, M + + + 
7 33, M + + + 
8 30, F + + + 
9 37 , F + + + 

10 40, F + + + + 
11 53, F + + + 
12 42, F + + + 
13 51, F + + 
14 48, M + + 
15 24, F + + 
16 29, F + + 
17 61 , F + + + 
18 18, F + + 
19 60, F + + 
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retinopathy (n = 1 0). Cardiac conduction block 
(not requiring a pacemaker) was diagnosed in six 
cases. 

Six patients had additional manifestations such 
as peripheral neuropathy (n = 2), hypacusis (n = 
4), or endocrinologic disorders (diabetes, n = 1). 

Clinical signs of central nervous system (CNS) 
involvement were observed in five patients (Table 
1). Besides dementia and pyramidal tract abnor
malities, the most frequent disorder was a cere
bellar syndrome, characterized by intention 
tremor, dysdiadochokinesia, and ataxia (n = 4, 
Table 2). 

Cerebral MR scans showed abnormalities in 11 
of 19 cases. Pathologic findings could be subdi
vided into two types: generalized brain atrophy, 
and hyperintensities of the white matter and basal 
ganglia, which were seen most clearly on T2-
weighted gradient-echo images (Table 2). 

Brain atrophy with symmetrical widening of 
the subarachnoid space was observed in four 
patients , all of them under 50 years of age (Fig 
1 ). Clinical findings of CNS involvement in these 
patients included dementia in one case and a 
cerebellar syndrome plus dementia in another 
case. Two patients had no clinical sign of CNS 
involvement (Table 2). 

Hyperintensities in the white matter and basal 
ganglia were found in eight cases. They were 
restricted to the supratentorial area; no changes 
were seen in the brain stem, which contains the 

Skeletal 
Myalgia 

CNS Additional 
Paresis Symptoms Symptoms 

+ Hypacusis 
+ + Hypacusis, 

polyneuropathy 

+ 
+ 
+ + Hypacusis 
+ 
+ Hypacusis 
+ + Diabetes 

+ + 
+ 
+ Polyneuropathy 
+ 
+ + 

+ 
+ + 
+ 
+ 

Note.-+,- indicates positive or negative clinical finding; RRF, ragged red fibers; and CPEO, chronic progressive external ophthalmoplegia. 
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TABLE 2: MR findings and CNS involvement in patients with ophthalmoplegia plus 

Case 

2 

6 
9 

11 

16 

10 
12 

14 
17 

19 

Dementia 

+ 

+ 

Note: + indicates positive clinical finding. 

CNS Involvement 

Pyramidal tract 

symptoms 

Bilateral positive 

Babinski 

nuclei pathways responsible for intraocular move
ment. No cerebellar abnormalities were found 
apart from signs of brain atrophy. 

Hyperintensities showed heterogeneous char
acter, but two subgroups could be differentiated: 
focal hyperintensities (Figs 1 and 2) and diffuse 
areas of high signal intensity , which extended up 
to the cortical gray matter and involved the 
arcuate fibers (Figs 3 and 4). The cortical gray 
matter appeared to be normal in all patients. 
Diffuse hyperintense signals were predominantly 
localized in the parietooccipital region (two of 
three cases) and showed a symmetrical distribu
tion in all cases (Figs 3 and 4). One patient had 
both diffuse and localized hyperintensities (Table 
2). 

CNS symptoms were detected in four patients 
with hyperintense lesions: two of these had a 
cerebellar syndrome, one had dementia , and one 
showed pyramidal tract abnormalities and a cer
ebellar syndrome. Four of eight patients with 
cerebral hyperintensities had no clinical sign of 
CNS involvement (Table 2) . 

There were abnormal MR findings in both pa
tients with and those without clinical CNS disor
ders; distribution of MR findings showed no pe
culiar pattern between both patient groups. On 
the other hand, all five patients with clinical signs 
of CNS involvement had abnormal MR findings. 

Cerebellar 

syndrome 

+ 
+ 

+ 

+ 

Findings/ location 

Diffuse area of high signal intensity / bilateral 

parietooccipital white matter 

Generalized atrophy 

Symmetrical spotlike high signal intensities/ 

bilateral internal capsule and globus 

pallidus; generalized atrophy 

Spotlike high signal intensities/bilateral 

pyramidal tract 

Diffuse area of high signal intensity / bilateral 

frontoparietal white matter 

Diffuse area of high signal intensity / bilateral 
frontal white matter; symmetrica l spotlike 

high signal intensities/ bilateral internal 

capsule and globus pallidus 

Generalized atrophy 

Multiple spotlike high signal intensities/ 

bilateral frontal white matter 

Generalized atrophy 

Spotlike high signal intensit ies/bilateral 

cerebral white matter 

Spotlike high signal intensities/bilateral 

cerebral white matter 

Discussion 

Because of the variation in clinical symptoms 
affecting almost all organs, classification of mi
tochondrial encephalomyopathies is difficult. 
Apart from ophthalmoplegia plus and its clinical 
variant, Kearns-Sayre syndrome, two more syn
dromes can be differentiated (Table 3): my
oclonus epilepsia with ragged red fibers (MERFF) 
and mitochondrial myopathy, encephalopathy, 
lactic acidosis, and strokelike episodes (MELAS) 
(6, 8-10). 

Although CNS involvement is not one of the 
major symptoms in ophthalmoplegia plus, as it is 
in MELAS and MERFF, it is a well-known feature. 
Characteristic radiologic features with CNS in
volvement would be of great diagnostic and prog
nostic value in ophthalmoplegia plus. 

This retrospective study of 19 patients with 
ophthalmoplegia plus showed MR abnormalities 
in no more than half of the cases. Abnormal 
findings were present in all patients with clinical 
signs of CNS involvement. In some patients with 
abnormal MR, however, no clinical sign of CNS 
involvement was found at the time of MR or 
during a follow-up period of 2 to 4 years; to date , 
no correlation of MR abnormalities with prognosis 
of disease has been found. However, considering 
the age distribution of our patients with a mean 
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Fig. 1. This 37-year-old woman (case 9) had severe cerebellar symptoms. The axial T2-weighted gradient-echo image (fast field 
echo 800/ 34/ 2, 15° flip angle) shows symmetrical lesions in the posterior branch of the internal capsule and widening of the 
subarachnoid space. 

Fig. 2. This 53-year-old woman (case 11) had bilateral positive Babinski sign. The coronal T2-weighted gradient-echo image (fast 
field echo, 800/ 34, 15° flip angle) demonstrates bilateral , spotlike hyperintensities in the white matter, just above the internal capsule 
and localized to the pyramidal tract. The clinical symptoms of pyramidal tract abnormalities correspond to the location of lesions on 
MR. 

Fig. 3. This 29-year-old woman (case 16) had cerebellar syndrome. The axial T2-weighted fast-field-echo image with imaging 
parameters (800/ 34; flip angle, 15°) reveals diffuse areas of hyperintensity bilaterally in the frontoparietal white matter. Arcuate fibers 
are involved, but cortical gray matter appears normal. 

Fig. 4. MR scan of a 49-year-old man (case 2) with dementia. Coronal T2-weighted gradient-echo image (fast field echo, 800/34, 
15° flip angle) showing bilateral hyperintensities in the parietooccipital white matter. The lesions have the same appearance as in Fig 
3: symmetrical, diffuse areas involving the arcuate fibers but sparing the cortical gray matter. 

Fig. 5. This 38-year-old man with MELAS had a cerebellar syndrome, dementia, and left-sided weakness. Axial T2-weighted gradient
echo scan (fast field echo, 800/ 34, 15° flip angle) demonstrates, apart from generalized brain atrophy, a territorial infarctionlike lesion 
localized to the parietotemporooccipital area on the right side. Unlike lesions in ophthalmoplegia plus, cortical gray matter is included. 
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TABLE 3: Mitochondrial encephalomyopathies-major syndromes (4, 5) 

Kearns-Sayre Syndrome Ophthalmoplegia plus 

Chronic progressive external Chronic progressive external ophthalmoplegia 

ophthalmoplegia 

Pigmentary retinopathy Various symptoms: pigmentary retinopathy 

Heart block Heart block, skeletal muscle symptoms 

(eg, pareses, myalgia), peripheral neuropathy 

OPHTHALMOPLEGIA PLUS 

MERRF 

Myoclonus 

Convulsive fits 

Muscle weakness 

Ataxia 

MELAS 

Episodic vomiting 

Cortical amaurosis 

Hem iparesis 

Hemianopsia 
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Note: Common symptoms are muscle weakness, dementia, hypacusis, and short stature. MERFF indicates myoclonus epilepsia with ragged red 
fibers; MELAS, mitochondrial myopathy , encephalopathy, lactic acidosis, and strokelike episodes. 

age of 45 years, the unspecific MR findings in 
these patients are definitely beyond the normal 
range. 

The results of this study may be restricted by 
the fact that patients with a pacemaker because 
of severe heart block could not be examined; as 
a result, a systematic error or bias in this study 
cannot be ruled out completely. 

MR revealed two main findings: brain atrophy, 
which has previously been found in computed 
tomography studies (11-13), and hyperintense 
signals in the white matter and basal ganglia, 
either focal or diffuse. Diffuse hyperintensities 
included subcortical white matter and arcuate 
fibers, but never gray matter of the cortex {Figs 
3 and 4). Similar findings have been described 
previously in case reports on other patients with 
ophthalmoplegia plus or Kearns-Sayre syndrome 
(14, 15). 

Abnormal MR findings disclosed no peculiar 
pattern of distribution and occurred in patients 
with and without CNS involvement (Table 3). 
Differential diagnosis of hyperintensities in the 
brain on T2-weighted MR images includes a broad 
spectrum of disorders, such as vascular, infec
tious, immune, and metabolic disorders and mul
tiple sclerosis (13). However, none of our patients 
showed evidence of one of the above-mentioned 
disorders. Eighty percent of the patients of this 
study were less than 50 years of age; all under
went thorough clinical examination during their 
hospitalization. 

In this study, MR did not demonstrate any 
cortical hyperintensities in patients with ophthal
moplegia plus. This is different from findings in 
MELAS syndrome, which is clinically character
ized by strokelike episodes (8). Matthews et al 
( 16) recently reported three patients with MELAS 
who showed "multifocal areas of hyperintense 
signal confined to the cortex of cerebrum and 
cerebellum, and immediately adjacent white mat
ter" and suggested these findings to be specific 
for MELAS (16). Other authors ' and our own 
observations confirmed these findings (Fig 5) ( 11, 

17, 18). Lesions affecting the gray matter and 
adjacent areas of the subcortical white matter, 
resembling those of ischemic infarcts, were de
tected in MELAS and they correlated with stroke
like episodes in these patients (17, 18). 

This clear-cut correlation of MR findings and 
neurologic deficits (11, 16, 17, 19) as found in 
MELAS, could be demonstrated in only two pa
tients with ophthalmoplegia plus in our study. 

In a woman with a bilateral positive Babinski 
sign, MR revealed spotlike hyperintensities in 
both pyramidal tracts just above the internal 
capsule (Fig 2). 

In another woman with severe cerebellar symp
toms, a prominent cerebellar atrophy as part of 
generalized brain atrophy was detected; two 
symmetrical lesions in the basal ganglia and in
ternal capsules in the same patient were not 
accompanied by clinical symptoms (Fig 1 ). 
Symmetrical lesions localized in the basal ganglia 
may be a typical finding in another disease as
sociated with mitochondrial dysfunction: Leigh 
disease, a subacute necrotizing encephalopathy, 
characterized by early-onset, severe neurologic 
deficits and frequently death (6, 13). 

Despite the high frequency of cerebellar symp
toms in patients with ophthalmoplegia plus, no 
abnormalities in the cerebellum apart from cere
bellar atrophy were found on MR (Table 2). Sev
eral authors describe a predominance of lesions 
within the parietooccipital area in ME LAS ( 16-
18). In two of three cases of ophthalmoplegia 
plus, diffuse areas of hyperintensity were found 
in the same location, but they did not correspond 
to any major vascular territory . This lack of 
correlation with the major vascular territories was 
described for MELAS, too (8 , 16, 20). 

However, there are findings indicating a vas
cular pathogenesis of lesions in MELAS. Micro
scopic examination of cerebral blood vessels re
vealed abnormalities of the mitochondria in the 
smooth muscle and endothelial cells in MELAS, 
most prominent in small pial arteries and arteri
oles; larger vessels were less involved and no 
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vascular occlusion could be demonstrated (21 ). 
Th is suggests that lesions in MELAS are not 
caused by macroangiopathy, but rather by a 
m itochondrial m icroangiopathy, which corre
sponds well with the above-mentioned lack of 
correlation of lesions in MELAS with major vas
cular territories. 

Results of single-photon emission computed 
tomography in patients with MELAS, showing 
regional hypoperfusion , also confirm a vascular 
pathogenesis (22). Enhancement of lesions in 
postcontrast MR and computed tomography 
scans, indicating a breakdown of blood-brain bar
rier, was described by several authors (12, 18, 
19). Unfortunately , the retrospective character of 
this study made it impossible to examine lesions 
in patients with ophthalmoplegia plus in postcon
trast scans. 

Various defects of the respiratory chain are 
found in muscle cells of patients with mitochon
drial encephalomyopathies, such as decreased 
activity of complex I and IV of the respiratory 
chain or focal decrease of cytochrome c oxidase 
(2). However, genetic abnormalities of mitochon
drial DNA differ: deletions occur frequently in 
ophthalmoplegia plus; MELAS and MERFF are 
associated with point mutations (5, 26). 

Histologic exam ination of the brain shows dis
tinct differences between MELAS and ophthal
moplegia plus. MELAS is characterized by foci of 
necrosis including the cortex (8, 20, 21), which 
may be the correlate to the infarctiontike lesions 

en in MR. 
In ophthalmoplegia plus the most prominent 

finding of cerebral histologic examination is a 
pong degeneration restricted to the white mat

ter 14 23-25). This corresponds well with the 
pr d minant chan ges of the white matter found 
in this study. The underlying mechanism may be 
the abnormal energ production of the nerve cells 

nd oligodendroc tes result ing in nerve degen
eration, a troc tosis, and demyelination (14, 23 
2 . 
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plus. Considering the small number of patients 
and the short time of clinical follow-up, the prog
nostic value of MR cannot be fully evaluated at 
this point of the study; therefore, we believe that 
MR could be helpful for assessment of prognosis 
in patients already showing or developing CNS 
symptoms in the course of disorder. Further ex
amination of our patients' clinical development 
and additional MR studies will be needed. 

The differentiation of mitochondrial encephal
omyopathies in three major syndromes is still the 
subject of controversial discussion (26). However, 
in this study, MR findings in ophthalmoplegia 
plus were clearly different from those reported in 
patients with MELAS syndrome. This finding 
underlines the differentiation of MELAS and 
ophthalmoplegia plus as distinct clinical syn
dromes. 
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