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AIM: To identify the magnetic resonance imaging (MRI) features of metastases to the
extraocular muscles (EOM metastases).
MATERIAL AND METHODS: The MRI features of 19 patients with EOM metastases were

compared with those of 24 patients with EOM diseases of non-thyroid origin. MRI was used to
assess the number of tumours, morphology, signal intensity on T2-weighted images,
enhancement patterns, and apparent diffusion coefficient (ADC) values.
RESULTS: Single muscular involvement was observed in 10 patients, and multiple muscular

involvement was observed in nine patients. The morphology was focally discrete in nine pa-
tients, and diffuse infiltrative in 10 patients; all the nine patients with focal discrete
morphology presented with single muscular lesions. On T2-weighted images, the signal in-
tensities were intermediate or low in 15 patients and a mixture of high and intermediate in
four patients. In 14 patients for whom contrast-enhanced images were available, ring
enhancement (n¼5), heterogeneous diffuse enhancement (n¼5), and homogeneous
enhancement (n¼4) were seen. The mean ADC value was 0.98 � 10�3 mm2/s. Compared to
other EOM diseases of non-thyroid origin, single muscular presentation, focal discrete
morphology, the presence of hyperintensity on T2-weighted images, and ring or heteroge-
neous enhancement were significantly more frequent in EOM metastases.
CONCLUSION: The MRI features of EOM metastases showed two main patterns: a single

discrete mass and multiple infiltrative masses. In addition to the presentation as a single
discrete mass, the presence of hyperintensity on T2-weighted images and ring or heteroge-
neous enhancement can aid in the differentiation of EOMmetastases from other EOM diseases.

� 2022 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction therapy, which included three cases of idiopathic orbital
Although thyroid-associated orbitopathy is the most
common cause of extraocular muscle (EOM) enlargement,
accounting for 95% of these cases, a variety of other diseases
can cause EOM enlargement.1 EOM metastases account for
18e23% of the EOM enlargement cases with non-thyroid
origin.1e3

EOM metastases usually occur during advanced malig-
nant disease,3e6 but 13% of EOM metastases cases initially
present as an occult malignancy.4 In addition, the present-
ing symptoms and signs are non-specific,2e4 which requires
a comprehensive understanding of their imaging features.
Only a few studies and small case series have reported
imaging features for EOM metastases7,8 because of its
relative rarity.9e12 The present study reports the magnetic
resonance imaging (MRI) features of EOM metastases in 19
patients with a brief description of their clinical features. In
addition, MRI features of EOM metastases were compared
to those of other diseases causing EOM enlargement.
Thyroid-associated orbitopathy was excluded from the
comparison, because it is usually diagnosed by a combina-
tion of clinical and laboratory findings,13,14 indicating that
MRI features are not necessarily important for its differen-
tial diagnosis.
Materials and methods

The review committee approved this retrospective study
(reference no. 19428) and waived the requirement for
informed consent.

Patients

By assessing the medical records retrospectively of three
referral centres for cancer in Japan between January 2009
and January 2021, 19 patients diagnosed with EOM metas-
tases were identified. The patients included twomen and 17
women, with a mean age of 59.4 years (range: 20e82
years). The diagnoses of EOM metastases were made by
histological examination in seven patients; the remaining
12 patients were diagnosed based on the following clinical
features: (1) presence of an EOMmass on MRI, (2) presence
of malignancies that had already developed distant me-
tastases to other organs, and (3) no clinical features sug-
gestive of hyperthyroidism except for proptosis.

As a control group, 24 patients were identified who had
other diseases of non-thyroidal origin that caused EOM
enlargement during the same period at one of the three
centres. The control group comprised 15 men and nine
women, with amean age of 66.0 years (range: 41e87 years).
In 20 of these patients, the diagnoses were made by a
combination of clinical features and histopathological ex-
amination, including 12 lymphomas, five immunoglobulin
G4-related diseases (IgG4-RD), two idiopathic orbital in-
flammatory diseases, and one granulomatosis with poly-
angiitis. The remaining four patients were diagnosed using
clinical features based mainly on the responses to steroid
Please cite this article as: Miura A et al., MRI features of extraocular muscl
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inflammatory diseases, and one case of IgG4-RD.

MRI protocol

MRI examinations were performed using a 1.5 T magnet
in six patients and a 3 T magnet in 13 patients. In the pre-
contrast axial plane, T1-weighted images (repetition time
[TR])/echo time [TE]: 279e840/2.3e20 ms) and axial T2-
weighted images (TR/TE: 2,500e6,000/80e261 ms) were
obtained for all patients. Fat-suppressed T2-weighted im-
ages (TR/TE: 3,909e5,800/83e112 ms), including short
inversion time inversion recovery (STIR) sequences (TR/TE:
2,500e8,000/45e109 ms, inversion time: 140e210 ms),
were obtained in 13 patients, and diffusion-weighted (DW)
images (b factors: 0 and 1,000 s/mm2) were obtained in 10
patients. The apparent diffusion coefficient (ADC) maps
were constructed automatically from the DW images. On
coronal planes, fat-suppressed T2-weighted images or STIR
images were obtained in 11 patients, and T1-weighted
images with or without the fat-suppression technique
were obtained in 11 patients. Contrast-enhanced T1-
weighted imaging, with or without a fat-suppression
technique, was performed in 14 patients. Axial and coro-
nal images were obtained in all patients, and sagittal im-
ages were obtained in 11 patients. The section thickness
ranged from 3e5 mm, and the pixel size ranged from
0.35 � 0.35 to 0.86 � 0.86 mm.

Clinical data extraction

In addition to the baseline characteristics of the 19 pa-
tients with EOM metastases, the following clinical features
of EOM metastases were collected: primary tumour, time
interval from primary diagnosis to EOM metastases,
symptoms associated with EOMmetastases, the presence of
metastases to other organs, and the presence of metastases
to other skeletal muscles.

Image assessment

Three diagnostic radiologists participated in the image
assessment process. Two of the radiologists (with 5 and 22
years of experience in neuroradiology) reviewed all MRI
images independently, blinded to the clinical information.
Differences between the two readers were resolved by the
third radiologist, with 23 years of experience, whose
reading was taken as the final result.

The evaluated items included the number of tumours
(single or multiple), laterality (unilateral or bilateral),
involved muscles, tumour morphology, signal intensities
(T1-weighted images, T2-weighted images, and fat-
suppressed T2-weighted images), enhancement patterns
(homogeneous, heterogeneous, ring enhancement), and
mean ADC values on DW images. The largest lesion was
evaluated when multiple EOM metastases were present.
Using the criteria of previous studies,7,15 the morphology
was divided into two types: focal discrete or diffuse infil-
trative. The focal discrete typewas defined as a tumour with
a well-defined focal intramuscular mass showing ovoid or
e metastases compared to those of other extraocular muscle diseases
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Table 1
Clinical features in 19 patients with extraocular muscle (EOM) metastases.

Clinical features (n¼19)

Gender, n (%)
Woman 17 (89)

Age (years, mean, range) 59.4 (20e82)
Primary tumour, n (%)
Breast carcinoma 13 (68)
Others 6 (32)

Time interval from primary diagnosis to EOM metastases
Initial presentation, n (%) 1 (5)
Duration of disease course, n (%) 18 (95)
Mean, median, range (month) 91, 41, 9e236

Presenting symptom, n (%)
Diploplia 7 (37)
Proptosis 3 (16)
Reduced visual acuity or field 3 (16)
Eye pain 2 (11)
Eyelid swelling 1 (11)
Ptosis 1 (11)
None 5 (26)

Metastases to other organs, n (%)
Present 19 (100)

Metastases to other muscles, n (%)
Present 2 (11)
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round shape; the diffuse infiltrative type was defined as a
tumour presenting with diffuse enlargement of the EOM or
an ill-defined mass showing an amorphous shape. The
signal intensity on T1-weighted images was classified as
high if the signal intensity was equal to or higher than that
of fat, intermediate if the signal intensity was lower than
that of fat but equal to or higher than that of cerebral white
matter, or low if the signal intensity was lower than that of
cerebral white matter. On T2-weighted and fat-suppressed
T2-weighted images, high was defined as a signal in-
tensity equal to or higher than that of cerebrospinal fluid
(CSF), intermediate was defined as lower than that of the
CSF but equal to or higher than that of cerebral white
matter, and low was defined as lower than that of cerebral
white matter. For ADC measurements, the first two radiol-
ogists obtained mean ADC (ADCmean) within the region of
interest (ROI) on ADC maps. ROIs were determined as
widely as possible while excluding the cystic portion by
referring to morphological information on T2-weighted
images with or without contrast-enhanced T1-weighted
images. The average of the two radiologists’ measure-
ments was used as the final value.

Statistical analysis

Fisher’s exact test was used to compare qualitative re-
sults (number of tumours, laterality, involved muscles,
tumour morphology, signal intensities, and enhancement
pattern). The ManneWhitney U-test was used to compare
the mean ADC values. Statistical significance was set at
p<0.05. All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Shi-
motsuke, Japan), a graphical user interface for R (The R
Foundation, The R Foundation for Statistical Computing, v.
2.13.0, Vienna, Austria).

Results

The clinical features of the 19 patients with EOM me-
tastases are summarised in Table 1. TheMRI features of EOM
metastases and their comparison with those of other EOM
diseases of non-thyroid origin are shown in Tables 2 and 3.
Representative cases are presented in Figs 1e3.

Clinical features

Among the 19 patients, the most common primary
tumour was breast cancer (n¼13, 68%); other tumours
included gastric cancer, rectal cancer, pancreatic cancer,
thymus carcinoid, soft-tissue sarcoma, and vaginal mela-
noma. In one patient, EOM metastasis was an initial pre-
sentation of underlying malignancies; in the remaining
patients, the mean and median times from primary diag-
nosis to EOM metastases were 7.6 and 3.4 years, respec-
tively, with a range of 9e236 months. The most frequent
symptom associated with EOM metastases was diplopia,
occurring in seven patients; others included proptosis
Please cite this article as: Miura A et al., MRI features of extraocular muscl
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(n¼3), reduced visual acuity or field (n¼3), eye pain (n¼2),
ptosis (n¼1), eyelid swelling (n¼1); five patients showed
no symptoms. All patients had metastases to other organs
at the time they developed EOM metastases, including the
bones (n¼10), lung (n¼8), brain (n¼6), liver (n¼5), and
adrenal gland (n¼4). Metastases to other skeletal muscles
were found in only two patients.

MRI features of EOM metastases

Of the 19 patients with EOMmetastases,10 patients had a
single muscular involvement, and nine patients had multi-
ple muscular involvement. Unilateral orbital involvement
was observed in 14 patients, and bilateral orbital involve-
ment was observed in five patients. Among the involved
muscles, the inferior rectus muscle was the most commonly
affected (29%), followed by the lateral rectus (25%), the
medial rectus (22%), superior rectus (15%), and superior
oblique (9%) muscles. The morphology classifications were
focal discrete for nine patients and diffuse infiltrative for 10
patients. All the nine patients with focal discrete tumour
presented with single muscular tumours, whereas nine of
the 10 patients with diffuse infiltrative tumours had multi-
muscular tumours. On T1-weighted images, all tumours
showed low or intermediate signal intensity. On T2-
weighted images, the signal intensities were intermediate
(n¼13), a mixture of high and intermediate (n¼4), and a
mixture of intermediate and low (n¼2). Fat-suppressed T2-
weighted images were available for 13 patients, showing
intermediate signal intensities in nine patients and a
mixture of high and intermediate signals in four patients.
Contrast-enhanced images were available for 14 patients
and showed ring enhancement (n¼5), heterogeneous
e metastases compared to those of other extraocular muscle diseases
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Table 2
Summary of magnetic resonance imaging (MRI) features in 19 cases with extraocular muscle (EOM) metastases.

Case
no

No. Laterality Involved muscles Morphology SI onT1WI SI on T2WI SI on fsT2WI Enhancement ADCmean

( � 10�3mm2/s)

1 S rt rt-LR Discrete Inter Inter Inter NA 1.1
2 S lt lt-IR Discrete Inter Mix of high

and inter
Mix of high
and inter

Heterogeneous 0.55

3 S rt rt-SR Discrete Low Inter Inter Ring 0.91
4 S rt rt-SO Discrete Low Mix of high

and inter
Mix of high
and inter

NA NA

5 S rt rt-MR Discrete Low Inter Inter Heterogeneous NA
6 S rt rt-IR Discrete Low Mix of high

and inter
Mix of high
and inter

Ring NA

7 S rt rt-LR Discrete Mix of inter
and low

Mix of inter
and low

Mix of high
and inter

Heterogeneous 1.17

8 S rt rt-IR Discrete Inter Inter NA Ring NA
9 S rt rt-SR Discrete Low Inter Inter Ring NA
10 S lt lt-IR Infiltrative Low Inter Inter Homogeneous NA
11 M lt lt-IR, MR Infiltrative Inter Inter NA Homogeneous NA
12 M bil bil-LR, MR, IR, rt-SR Infiltrative Low Inter NA Heterogeneous 0.91
13 M bil bil-LR, IR, lt-SR,MR, SO Infiltrative Low Inter Inter Ring 0.89
14 M bil bil-LR Infiltrative Low Inter NA Homogeneous 1.17
15 M lt lt-MR, SR, IR, SO Infiltrative Low Low Inter Heterogeneous NA
16 M rt rt-IR, MR, LR Infiltrative Low Inter Inter NA NA
17 M bil bil-LR, MR, SR, IR, SO Infiltrative Mix of inter

and low
Mix of high
and inter

NA NA 0.84

18 M bil bil-IR, LR, MR, rt-IR Infiltrative Low Inter NA NA 1.07
19 M rt rt-LR, MR, SR, IR, SO Infiltrative Low Inter Inter Homogeneous 1.19

S, single; M, multiple; rt, right; lt, left; bil, bilateral; LR, lateral rectus; IR, inferior rectus; SR, superior rectus; SO, superior oblique; SI, signal intensity; fs, fat-
supressed; Inter, intermediate; Mix, mixture; NA, not available, ADC; apparent diffusion coefficient.

Table 3
Comparison of magnetic resonance imaging features.

EOM
metastases
(n¼19)

Other
diseases
(n¼24)

p-Value

No. of tumours
Single 10 (53) 4 (17)

0.02
Multiple 9 (47) 20 (83)

Laterality
Unilateral 14 (74) 18 (75)

1.00
Bilateral 5 (26) 6 (25)

Involved muscles n¼55 n¼60
Inferior rectus 16 (29) 12 (20) 0.28
Lateral rectus 14 (25) 16 (27) 1.00
Medial rectus 12 (22) 11 (18) 0.65
Superior rectus 8 (15) 17 (28) 0.11
Superior oblique 5 (9) 4 (7) 0.74

Morphology
Discrete 9 (47) 0 (0)

<0.01
Infiltrative 10 (53) 24 (100)

SI on T2WI
Presence of hyperintensity 4 (21) 0 (0) 0.03

SI on FS T2WI n¼13 n¼18
Presence of hyperintensity 4 (31) 0 (0) 0.01

Enhancement pattern n¼14 n¼7
Ring or heterogeneous 10 (71) 0 (0)

< 0.01
Homogeneous 4 (29) 100 (100)

ADCmean ( � 10�3mm/2s) n¼10 n¼8
Mean, median 0.98, 0.99 0.96, 0.78 0.41

All categorical variables are expressed as n (%).
EOM, extraocular muscle; SI, signal intensity; FS, fat-suppressed; T2WI, T2-
weighted imaging; ADC, apparent diffusion coefficient.
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enhancement (n¼5), and homogeneous enhancement
(n¼4). The mean and median ADCmean values of the 10 tu-
mours were 0.98 � 10�3 and 0.99 � 10�3 mm2/s, respec-
tively, ranging from 0.55 to 1.19 � 10�3 mm2/s.

Comparison of MRI features between EOM metastases
and other EOM diseases of non-thyroid origin

A single muscular presentation was significantly more
common in EOMmetastases group (p¼0.02). There was no
significant difference in the laterality or distribution of the
involved muscles between the two groups (p¼0.11～1.00).
The discrete type of tumour morphology was significantly
more common in the EOMmetastases group (p<0.01). The
signal intensities on T1-weighted images were low to in-
termediate in all cases in both groups. Hyperintense areas
on T2-weighted or fat-suppressed T2-weighted images
were observed only in the EOM metastases group (p¼0.03,
p¼0.01). On contrast-enhanced T1-weighted images, ring
or heterogeneous enhancement was observed only in the
EOM metastases group (p<0.01). The ADCmean did not
differ significantly between the two groups (p¼0.41).

Discussion

EOMs, despite their small volumes, are the third-most
frequent site of muscle metastases, following the iliop-
soas and gluteus muscles, and account for 91% of muscle
e metastases compared to those of other extraocular muscle diseases
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Figure 1 EOM metastases case 5 presents as a solitary discrete tumour. A 43-year-old woman developed EOM metastasis 9 years after the
resection of a clear cell sarcoma of the ankle. (a) Axial T1-weighted image shows a discrete, well-defined mass in the right medial rectus muscle
(arrow). (b) On the T2-weighted image, the mass shows intermediate signal intensity (arrow). (c) On the contrast-enhanced T1-weighted image,
the tumour shows heterogeneous enhancement (arrow).
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metastases in the head and neck region.16 In the EOM
metastases cases, all patients had distant metastases to
other organs, suggesting a state of systemic carcinoma-
tosis, but metastases to skeletal muscles other than EOMs
were found in only two cases. This suggests that EOMs
have a greater propensity for metastasis among the skel-
etal muscles, which might due to the EOM blood flow
being more than 10-times greater than that of other skel-
etal muscles.17 As another explanation, in terms of the seed
and soil hypothesis,18 it is postulated that some immuno-
logical mechanism or tumour cell adhesion factors specific
for EOM may play a role in EOM metastases.4,8

Among the clinical features of EOMmetastases cases, age
distribution, variable presenting symptoms, variable time
interval from the primary diagnoses, and usual concomitant
metastases to other organs in the present series are
consistent with EOM metastases data reviewed by Leung
et al.4 Breast cancer, melanomas, and carcinoids were re-
ported to be the three most common primary tumours, but
breast cancer was the only common primary tumour
Please cite this article as: Miura A et al., MRI features of extraocular muscl
of non-thyroid origin, Clinical Radiology, https://doi.org/10.1016/j.crad.20
observed in the present patients. Related to this, a female-
dominated sex distribution was observed in the present
patients. This inconsistency may be attributed to the dif-
ferences in cancer epidemiology between Japan and the
Western countries that were the main data sources for the
review of Leung et al.4

Among the involved muscles, the inferior rectus muscle
was the most common in the present cases. This may reflect
that Vmax, which is an indicator of vascularity defined as
the maximum ratio of signal increase on dynamic contrast-
enhanced MRI, is greatest in the inferior rectus muscle
among the EOMs.19 In contrast, the pooled data analysis by
Leung et al. reported that the lateral rectus muscle was the
most favourable site of EOM metastases.4 This can be
explained by the fact that the lacrimal artery, which feeds
the lateral rectus muscle, has a greater diameter compared
to those of muscular branches originating from the
ophthalmic artery, which feed other EOMs.4,20 These vary-
ing theories suggest that factors contributing to the distri-
bution of EOM metastases are complex.
e metastases compared to those of other extraocular muscle diseases
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Figure 2 EOM metastases case 15 presents as multiple infiltrative tumours. A 63-year-old woman presented with diplopia and reduced visual
acuity as a 10-year recurrence of gastric cancer. (a) Axial T1-weighted image shows an infiltrative mass in the left medial rectus muscle (arrow)
and adjacent fat tissue (arrowhead). (b) On the T2-weighted image, the mass shows a mixture of intermediate and low intensities (arrow and
arrowhead). (c,d) Coronal pre- and contrast-enhanced fat-suppressed T1-weighted images show multi-muscular involvement with heteroge-
neous enhancement (arrows).
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The present study found that MRI images of EOM me-
tastases showed two main patterns, a single discrete mass
or multiple infiltrative masses, with the former pattern
seeming to be specific features of EOM metastases. A
discrete intramuscular mass is a common feature of me-
tastases to other skeletal muscles, accounting for more than
70% of cases21e23; however, the specificity is low due to
overlap with other conditions, including various soft-tissue
tumours and abscesses.21e23 In contrast, this feature was
observed only in the EOM metastases cases in the present
patients, which seems to reflect that soft-tissue tumours
and abscesses originating from EOMs are rare.1e3

When EOM metastases manifest as multiple infiltrative
masses, they mimic orbital lymphoma and other inflam-
matory diseases. The recognition of this pattern is impor-
tant, because EOM metastases can occur in clinical
situations where metastasis is not expected; this includes
the initial presentation of an underlying malignancy or as a
recurrence of malignancy delayed for >10 years.

In addition to focal discrete morphology, the present
study suggests that the presence of hyperintensity on T2-
weighted or fat-suppressed T2-weighted images, and ring
Please cite this article as: Miura A et al., MRI features of extraocular muscl
of non-thyroid origin, Clinical Radiology, https://doi.org/10.1016/j.crad.20
or heterogeneous enhancement, would indicate EOM me-
tastases rather than other diseases causing EOM enlarge-
ment. The presence of hyperintensity on T2-weighted
images is thought to indicate central necrosis or the accu-
mulation of secretory fluid, which are common histological
features in metastatic tumours. In contrast, uniform
lymphocyte infiltration is a histological feature common
to orbital lymphoma and benign lymphoproliferative dis-
orders,24 which comprise the majority of the control group
in this study. In agreement with the present results, EOM
metastases cases have been reported with hyperintense
areas on T2-weighted images,7,8 whereas orbital lym-
phoma and benign lymphoproliferative disorders usually
show low-to-intermediate signal intensity on T2-weighted
images.24,25

Ring or heterogeneous enhancement is also thought to
indicate central necrosis, accumulation of secretory fluid, or
fibrosis in metastatic tumours. Although ring enhance-
ments have been reported for 6e33% of skeletal muscle
metastases other than EOM metastases,21,23 the present
study is the first to report that MRI images of EOM metas-
tases can show ring enhancement. This can be explained by
e metastases compared to those of other extraocular muscle diseases
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Figure 3 A 60-year-old manwith idiopathic orbital inflammatory disease. (a,b) Axial T1-weighted and coronal T2-weighted images show diffuse
enlargement of the right lateral and medial rectus muscles (arrows) with uniform intermediate signal intensities. (c) Contrast-enhanced fat-
suppressed T1-weighted image shows homogeneous enhancement of the enlarged muscles (arrows).
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the fact that previous studies on EOMmetastases had only a
few cases available for contrast-enhanced imaging. The
present data on heterogeneous enhancement are consistent
with previous reports, which suggested that heterogeneous
enhancement could be used to differentiate between infil-
trative metastases to skeletal muscle and myositis.22

Themean ADC values of malignant orbital tumours have
been reported to be significantly lower than those of
benign masses, with cut-off values ranging from 0.8 to
1.2 � 10�3 mm2/s.26e28 The mean ADC values in the pre-
sent EOM metastases cases were nearly consistent with
those of malignant orbital tumours; however, they were
not helpful for differentiating between the EOM metasta-
ses and control groups. This might be explained by the fact
that the control group consisted mainly of patients with
lymphoproliferative diseases. Orbital lymphoproliferative
diseases, whether benign or malignant, show restrictive
diffusion coefficients,24,25 with mean ADC values ranging
from 0.5 to 1.1 � 10�3 mm2/s; this is consistent with the
present results.

This retrospective study has some limitations. First, the
number of cases is relatively small, particularly in the
Please cite this article as: Miura A et al., MRI features of extraocular muscl
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control group, which includes a variety of diseases.
Therefore, statistical differences may only have a comple-
mentary meaning. This is likely caused by the study design,
which excluded thyroid-associated orbitopathy from the
control group; however, this study design is appropriate for
clinical practice, as thyroid-associated orbitopathy is diag-
nosed based on clinical features and laboratory findings
rather than imaging findings. Second, conclusive histo-
pathological diagnoses were obtained in only seven of the
cases (37%); however, it may be difficult to collect a larger
patient group with histological confirmation because of the
low incidence of the disease and the impracticality of
histological confirmation in patients with poor condition
and/or disseminated malignancy status. Therefore, despite
its limitations, the present case-series study to date can be
considered meaningful.

In conclusion, EOM metastases can present as either a
single discrete mass or multiple infiltrative masses. In
addition to the former presentation, the presence of
hyperintensity on T2-weighted images and ring or hetero-
geneous enhancement can be useful in differentiating EOM
metastases from other EOM diseases.
e metastases compared to those of other extraocular muscle diseases
22.08.148
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