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ABSTRACT

BACKGROUND AND PURPOSE: The “ears of the lynx” MR imaging sign has been described in case reports of hereditary spastic paraplegia
with a thin corpus callosum, mostly associated with mutations in the spatacsin vesicle trafficking associated gene, causing Spastic
Paraplegia type 11 (SPGI1). This sign corresponds to long T1 and T2 values in the forceps minor of the corpus callosum, which appears
hyperintense on FLAIR and hypointense on Tl-weighted images. Our purpose was to determine the sensitivity and specificity of the ears
of the lynx MR imaging sign for genetic cases compared with common potential mimics.

MATERIALS AND METHODS: Four independent raters, blinded to the diagnosis, determined whether the ears of the lynx sign was present
in each of a set of 204 single anonymized FLAIR and Tl-weighted MR images from 34 patients with causal mutations associated with SPGTI
or Spastic Paraplegia type 15 (SPGI5). 34 healthy controls, and 34 patients with multiple sclerosis.

RESULTS: The interrater reliability for FLAIR images was substantial (Cohen «k, 0.66—0.77). For these images, the sensitivity of the ears of
the lynx sign across raters ranged from 78.8 to 97.0 and the specificity ranged from 90.9 to 100. The accuracy of the sign, measured by area
under the receiver operating characteristic curve, ranged from very good (87.1) to excellent (93.9).

CONCLUSIONS: The ears of the lynx sign on FLAIR MR imaging is highly specific for the most common genetic subtypes of hereditary
spastic paraplegia with a thin corpus callosum. When this sign is present, there is a high likelihood of a genetic mutation, particularly
associated with SPGI1 or SPGI5, even in the absence of a family history.

ABBREVIATIONS: AUC = area under the curve; HSP-TCC = hereditary spastic paraplegia with a thin corpus callosum; ROC = receiver operating characteristic

curve

Autosomal recessive hereditary spastic paraplegia with a thin
corpus callosum (HSP-TCC for short) presents clinically as a
progressive spastic paraplegia, usually beginning during infancy
or puberty, and is often associated with cognitive impairment,
occasionally antedating the onset of paraparesis.' ® Both symp-
toms worsen slowly for decades. Mutations in the spatacsin vesicle
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trafficking associated (SPG11) gene, coding for spatacsin, are most
commonly identified in these patients.'”® Mutations in the gene
encoding spastizin (zinc finger fyve domain-containing protein 26,
ZFYVE26, causing SPG15) or other genes are rarer.*>” The dis-
order is transmitted as an autosomal recessive trait; thus, it is
common for patients to present without a family history of the
disease.*® Given the clinical presentation, these patients are most
often studied with MR imaging to detect disorders affecting the
brain and, particularly, the pyramidal tract.® MR imaging shows a
thin corpus callosum, but this sign is not unique to HSP-TCC,”""”
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Patient with SPG71 mutation
15-year-old woman

Healthy Control

20-year-old woman

FIG 1. Corpus callosum size similar to normal in a patient with HSP-
TCC. The patient had mild cognitive impairment and a mild spastic
paraparesis. She had SPG 11 pathogenetic mutations. The ear of the
lynx sign in this patient is shown in Fig 2.

FLAIR
SPG11 mutation

T1-weighted

Healthy Control SPG11 mutation Healthy Control

FIG2. Ears of the lynx on MR imaging. Axial images across the anterior
forceps of the corpus callosum. Note an abnormality in the region of
the forceps minor of the corpus callosum, corresponding to the genu
fibers, which appear dark on Tl-weighted and bright on FLAIR images
(arrows). Midline sagittal images from the same individuals are seen in
Fig 1.

As on T1 MRI As on T2 MRI

FIG 3. Ears of the lynx. Shown are the gray-scale and corresponding
negative images of the head of a lynx. The hair tufts at the tip of the
ears resemble the MR imaging finding described here. Modified with
permission from an original photo taken by Aleksandar Vasic.

and there are patients with HSP-TCC caused by SPG11 mutations
in whom the corpus callosum has an apparently normal thickness
(Fig 1).

Another MR imaging feature may be helpful to lead to the
diagnosis. A characteristic abnormality affecting the region of the
forceps minor of the corpus callosum'®'? has been described as

the “ears of the lynx” sign.”®

The forceps minor of the corpus
callosum, corresponding to the genu fibers, has prolonged T1 and
T2 values. As a result, this region appears bright on T2-weighted
and dark on T1-weighted images (Fig 2). On axial sections, the
abnormality bears a remarkable resemblance to the ears of a lynx,
with the areas of abnormal signal reminiscent of the tufts of hair
crowning the tips of the ears of this animal (Fig 3).

If specific, the presence of this MR imaging finding in a seem-

ingly sporadic case could be very useful to guide genetic testing or
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Table 1: Demographics

Diagnosis
SPGII (n = 31)

or SPGI5 (n = 3) Healthy
Mutations MS Control
Number 34 34 34
Sex, female/male 16:18 16:18 16:18
Mean age (SD) at MRI (yr) 24.6(7.8) 250(6.8) 24.6(7.5)

help in interpreting genetic findings. Thus, separating patients
with genetic mutations from those who may show a similar radio-
logic finding caused by more common etiologies, such as gliosis at
the calloso-caudate angle of the frontal horn of the lateral ventri-
cles*' or multiple sclerosis, is much more relevant in terms of
imaging than helping to differentiate among rare genetic variants.
If a genetic disorder is suggested by the radiologic picture, a de-
tailed genetic study should be performed to determine the exact
genetic etiology. Therefore, our objective was to determine the
sensitivity and specificity of this sign for patients with known
genetic mutations associated with HSP-TCC versus potentially
similar common patterns in this age group, such as gliosis at the
calloso-caudate angle or demyelinating disease. Thus, we com-
pared the MRIs of patients with HSP-TCC who were found by
genetic testing to have causal mutations associated with SPG11 or
SPG15 with those of healthy controls and of patients with multi-
ple sclerosis, a common cause of white matter changes in an age
group similar to the HSP-TCC sample.

MATERIALS AND METHODS

All procedures were approved by the Human Studies Committees
of the institutions involved, including the National Institutes of
Health Office of Human Subjects Research for the healthy con-
trols and patients with MS. In all cases, only retrospective, anony-
mized information was used for the study; therefore, individual
written informed consent was waived. Patients with HSP-TCC
had been recruited between 2002 and 2014 at 9 institutions, listed
in the authors’ affiliations. Nine of these patients had been in-
cluded in a study®* reporting on the clinical course of genetic
variants of HSP-TCC, not on the radiologic sign described in this
article. Another 5 patients had been included in a study”” report-
ing diffusion tensor imaging changes in white matter and brain
volume in HSP-TCC, but this study did not discuss the radiologic
sign studied here. Finally, another 4 patients with HSP-TCC had
been included in the original report of the ears of the lynx sign,*°
but its sensitivity or specificity was neither studied nor described
in that article. Patients with MS and healthy controls had partic-
ipated in other studies at the National Institutes of Health, but we
had access to only their anonymized MRIs, obtained from 2002 to
2013, which were selected to match the HSPTCC sample in age
and sex. All patients with HSP-TCC had identified pathogenic
mutations, 31 associated with SPG11 and 3 with SPG15. Each of
the 3 groups (HSP-TCC, MS, healthy controls) consisted of 34
subjects, split almost evenly across sexes, with a mean age at MR
imaging of approximately 25 years (Table 1).

Anonymized MRIs were used for all groups. One axial T2
FLAIR and one T1-weighted image across the anterior forceps of
the corpus callosum (Fig 2) of each patient with HSP-TCC and
each control (healthy or MS) were randomized for presentation to



the evaluating raters. Thus, each rater read 204 images blindly.
Single images were presented on a computer screen containing
the image to be evaluated and buttons to indicate the presence or
absence of the ears of the lynx sign and the quality of the image.
Raters included 3 US board-certified radiologists with Certificate
of Additional Qualification in Neuroradiology, with an average
experience of 22 years of practice (range, 11-32 years), and a
board-certified neurologist with 12 years of experience in imag-
ing. Before reading the images blindly, the raters were trained to
recognize the ears of the lynx with 4 images positive for it and 4
images negative for it, including both T2 and T1 studies. They
were not given information on the diseases of the patients but
were only shown the morphology of the ears of the lynx sign. For

Table 2: Interrater reliability (Cohen k)

Cohen k for
FLAIR (95% ClI)

Cohen k for
T1-Weighted (95% Cl)

the unknown images, the raters were asked to make a forced
choice, deciding whether the image contained the ears of the lynx
sign. In addition, they had to define whether each image was of
good or poor quality.

Statistical Analysis

This is a retrospective case-control study. Given the absence of
previous studies on the sensitivity and specificity of the ears of the
lynx sign, we arrived at the sample size by following guidelines for
studies with an unknown effect size.”* The Cohen « statistic was
used to calculate interrater reliability. The degree of agreement
was interpreted on the basis of the k coefficients as follows: 0-0.2,
poor; 0.21-0.4, fair; 0.41-0.6, moderate; 0.61-0.8, substantial;
0.81-1, almost perfect.>” Sensitivity, specificity, and the 95% CIs
for T1-weighted and FLAIR images were calculated. The area un-
der the curve (AUC) was obtained from the logistic regression
model. The logistic regression model with cluster, which allowed
interrater correlation, was also used to calculate the effect of the
rated quality of images on the agreement of the rating with the
true allocation of each image. All analyses were performed with

Rater 1vs 2 0.74 (0.60-0.88) 0.51(0.32-0.71)
Rater 2 vs 3 0.74 (0.60-0.88) 0.42(0.24-0.63)
Rater 3 vs 4 0.77 (0.63-0.91) 075 (0.54-0.96)
Rater1vs 3 0.66 (0.51-0.82) 0.59 (0.38-0.80)
Rater 2 vs 4 0.71(0.56-0.86) 0.40 (0.20-0.60)
Rater 1vs 4 0.73(0.59-0.87) 0.62(0.42-0.83)
All raters 0.72(0.61-0.82) 0.53 (0.35-0.69)

Table 3: ROC results with sensitivity and specificity for FLAIR and T1-weighted images

STATA version 15 (StataCorp, College Station, Texas). Statistical
significance was defined as a 2-tailed P < .05 for all tests.

RESULTS
The interrater reliability for FLAIR im-
ages was substantial, ranging from 0.66

ROC Result: . . .
esus to 0.77. For T1-weighted images, it was
AUC Sensitivity Specificity . .
moderate to substantial, ranging from
(95% 1) (95% 1) (95% 1)
= = 0.51 to 0.75 (Table 2). In the T2 FLAIR
Sensitivity and specificity for . . .
FLAIR images images, the ears of the lynx sign sensitiv-
Rater | 93.9 (89.4-98.5) 97.0 (84.2-99.9) 90.9(813-96.6)  ityacross raters ranged from 78.8 to 97.0
Rater 2 87.1(79.7-94.5) 81.8 (64.5-93.0) 92.4(83.2-97.5) and the specificity ranged from 90.9 to
Rater 3 871(79.6-946)  78.8(611-910) 955(87.3-991) 100 (Table 3). On Tl-weighted images,
Rater 4 89.4(823-965)  78.8(611-910) 100 (94.6-100)

Sensitivity and specificity for
Tl-weighted images

—=e—ROC area (Rater 1): 0.939 —e——ROC area (Rater 2): 0.871
——o——ROC area (Rater 4): 0.894

—=e—— ROC area (Rater 3): 0.871
Reference

the sign was not detected as often, with a
sensitivity ranging from 39.3 to 75, but
the specificity was still high (87.5-100)
(Table 3). The receiver operating char-
acteristic curves (ROCs) showed better

ROC for T1 Images

Rater 1 84.8 (76.1-93.5) 714 (513-86.8) 98.2(90.4-100)
Rater 2 81.3(72.0-90.5) 75.0 (55.1-89.3) 87.5(75.9-94.8)
Rater 3 68.8(59.4-78.1) 39.3(21.5-59.4) 98.2(90.4-100)
Rater 4 69.6(60.4-78.9) 39.3 (21.5-59.4) 100 (93.6-100)
ROC for FLAIR Images
8_ ? //4
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FIG 4. ROCs for Tl-weighted and FLAIR images. The receiver operating characteristic curves show better discrimination for FLAIR than for
Tl-weighted images. For FLAIR images, the area under the ROC curve showed that the ears of the lynx sign performed in the very good-to-
excellent range for a diagnostic test.
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discrimination for FLAIR than for T1-weighted images (Fig4).
For FLAIR images, the area under the ROC curve showed that the
ears of the lynx sign performed in the very good-to-excellent
(87.1-93.9) range for a diagnostic test. The quality of the images
did not make a significant difference between the blinded rating
and the true outcome (P = .29) for FLAIR images, but it affected
the agreement between the rating and outcome (P < .001) for
T1-weighted images (On-line Table).

DISCUSSION

Our study indicates that the ears of the lynx sign on axial FLAIR
MR imaging is associated with HSP-TCC caused by genetic mu-
tations characteristic of SPG11 and SPG15. We did not explore its
association with other genetic mutations because this radiologic
finding is probably not sufficient to make the genetic diagnosis; a
genetic study is required. However, our study shows that the ears
of the lynx sign is helpful to suggest a genetic disorder in a patient
with an apparently sporadic spastic paraparesis or cognitive im-
pairment. This is important because responsible mutations have
been sought particularly in families with several affected mem-

bers,>%*¢

though pathogenetic mutations often have sporadic
presentations.*® As an imaging endophenotype, the ears of the
lynx sign seems useful to suggest that genetic testing should be
performed in patients who apparently have a sporadic rather than
hereditary disorder or in patients with an atypical clinical picture.
Our study determined that the ears of the lynx sign, particularly
on axial FLAIR images, is highly associated with these mutations.
In addition, when Whole Exome Sequencing finds genetic vari-
ants with potential pathogenicity that is nonetheless difficult to
assess, the presence of the ears of the lynx sign on MR imaging
would support the pathogenicity of the variants.

An important question is whether this MR imaging sign is
present before the onset of clear-cut, defining clinical findings.
Our study cannot answer this question. Only 1 patient was stud-
ied atage 11, when she had a low intelligence quotient but had not
yet developed a spastic paraparesis, which started at 15 years of
age. Already at 11 years of age, the ears of the lynx sign was present
on her MR imaging. We hope that the description of the reliability
of this sign may encourage its search at younger ages.

We studied mostly patients with mutations in the SPG11 gene,
on chromosome 15. Of the 34 patients with HSP-TCC, only 3 had
mutations in another gene, causing SPG15; their MR imaging also
contained the ears of the lynx sign. Therefore, this sign is not
pathognomonic for SPG11 mutations but can probably be found
with mutations that affect the corpus callosum in a manner sim-
ilar to the SPG11 mutations. We are aware of a number of reports
mentioning the ears of the lynx sign in patients with genetically
determined HSP-TCC,”***”*! but we are also aware of a single
report of a somewhat similar finding in a patient with a possible
Marchiafava-Bignami syndrome.>> However, in this case, the im-
aging finding was difficult to interpret in the published image;
furthermore, that patient had a thin corpus callosum and no ge-
netic testing. Given the range of phenotypic presentations of these
genetic disorders, an atypical HSP-TCC could not be ruled out
confidently in that case. The main potential mimic of the ears of
the lynx sign is an area of gliosis observed in many healthy indi-
viduals at the calloso-caudate angle of the frontal horn of the
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lateral ventricles (Fig 2).>' However, this finding differs in mor-
phology—it has a rounded capping, rather than flaming shape—
and is smaller than the ears of the lynx. This normal finding,
present in many of our MRIs with normal findings, probably led
the raters to misclassify some cases, but this number was very
small and null for some of the raters, as indicated in the Results
section.

The raters were not asked to separate the series of images by
diagnosis: They were completely unaware of the 3 diagnostic
groups. They were only asked whether the ears of the lynx finding
was present on an image. Therefore, other features of the image,
such as other hyperintense lesions in multiple sclerosis scans, were
supposed to be irrelevant to their readings.

Our study had a main limitation. It is difficult to rule out an
effect of the presence of a thin corpus callosum on the decision of
the raters. To minimize this issue, we did not reveal to the raters
the disease entities to which the images corresponded. HSP-TCC
is uncommon, and on postreading, only 2 of the raters indicated
that they had some exposure to this disorder. One had read pre-
viously about 3 cases; the other, none. These 2 raters did not have
better accuracy than the other 2. Because the images were pre-
sented in a sequence, we were able to evaluate the learning effects.
Had the raters used a different feature in the image, namely the
thin corpus callosum, to aid in accuracy, a learning effect would
be expected. We did not detect better accuracy for images read
later in the series.

CONCLUSIONS

The ears of the lynx MR imaging sign suggests the presence of a
genetic mutation, likely characteristic of SPG11 or SPG15, in pa-
tients with cognitive impairment or a spastic paraparesis. In ad-
dition, the presence of this MR imaging finding in a subject iden-
tified as having a genotype associated with HSP-TCC suggests that
the mutation is pathogenic.
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