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ORIGINAL RESEARCH
HEAD & NECK

The Central Bright Spot Sign: A Potential New MR Imaging Sign
for the Early Diagnosis of Anterior Ischemic Optic Neuropathy

due to Giant Cell Arteritis
X P. Remond, X A. Attyé, X A. Lecler, X L. Lamalle, X N. Boudiaf, X F. Aptel, X A. Krainik, and X C. Chiquet

ABSTRACT

BACKGROUND AND PURPOSE: A rapid identification of the etiology of anterior ischemic optic neuropathy is crucial because it deter-
mines therapeutic management. Our aim was to assess MR imaging to study the optic nerve head in patients referred with anterior
ischemic optic neuropathy, due to either giant cell arteritis or the nonarteritic form of the disease, compared with healthy subjects.

MATERIALS AND METHODS: Fifteen patients with giant cell arteritis–related anterior ischemic optic neuropathy and 15 patients with
nonarteritic anterior ischemic optic neuropathy from 2 medical centers were prospectively included in our study between August 2015 and
May 2016. Fifteen healthy subjects and patients had undergone contrast-enhanced, flow-compensated, 3D T1-weighted MR imaging. The
bright spot sign was defined as optic nerve head enhancement with a 3-grade ranking system. Two radiologists and 1 ophthalmologist
independently performed blinded evaluations of MR imaging sequences with this scale. Statistical analysis included interobserver
agreement.

RESULTS: MR imaging scores were significantly higher in patients with giant cell arteritis–related anterior ischemic optic neuropathy than
in patients with nonarteritic anterior ischemic optic neuropathy (P � .05). All patients with giant cell arteritis–related anterior ischemic
optic neuropathy (15/15) and 7/15 patients with nonarteritic anterior ischemic optic neuropathy presented with the bright spot sign. No
healthy subjects exhibited enhancement of the anterior part of the optic nerve. There was a significant relationship between the side of
the bright spot and the side of the anterior ischemic optic neuropathy (P � .001). Interreader agreement was good for observers (� � 0.815).

CONCLUSIONS: Here, we provide evidence of a new MR imaging sign that identifies the acute stage of giant cell arteritis–related anterior
ischemic optic neuropathy; patients without this central bright spot sign always had a nonarteritic pathophysiology and therefore did not
require emergency corticosteroid therapy.

ABBREVIATIONS: AION � anterior ischemic optic neuropathy; FFE � fast-field echo; GCA� giant cell arteritis; GCA-AION � giant cell arteritis–related anterior
ischemic optic neuropathy; NA-AION � nonarteritic anterior ischemic optic neuropathy

Anterior ischemic optic neuropathy (AION) is the most com-

mon acute optic neuropathy in individuals older than 50

years of age, with an incidence of 2–10 per 100,000 people per

year.1,2 AION results from ischemic events within the optic nerve;

these may be related to systemic vasculitis affecting large- and

medium-caliber vessels in the arteritic form, due to giant cell ar-

teritis (GCA-AION) or to blood flow disturbances associated with

nonarteritic ischemic optic neuropathy (NA-AION). A rapid

identification of the etiology is crucial because it determines the

therapeutic management; corticosteroids must be promptly ad-

ministered in cases of GCA-AION. Establishing the diagnosis of

giant cell arteritis (GCA) may be challenging. The histopathologic

result of a temporal artery biopsy has been considered the diag-

nostic standard but should not delay the prompt institution of

steroid therapy. Some clinical signs suggest an arteritic etiology,

including amaurosis fugax and systemic symptoms; a marked de-

terioration of visual acuity; more extensive visual field defects;

diplopia; and the findings of fundus examination and fluorescein

or indocyanine green angiography.3 However, ophthalmologists

require a rapid diagnostic test to definitively rule out this diagno-

sis in an emergency setting. In GCA-AION, the granulomatous

inflammatory artery infiltrate consists of T-lymphocytes, macro-

phages, and multinucleated giant cells. The pathogenesis is still

not fully understood, though there have been major advances in
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recent years. Cytotoxic mediators and growth factors trigger the

remodeling of the arterial wall, leading to ischemic manifestations

by luminal stenosis.4

An MR imaging examination is often used to narrow the dif-

ferential diagnosis of optic disc edema and to highlight retrobul-

bar optic nerve enhancement in optic neuritis, a differential con-

sideration of AION.5,6 In addition, imaging of branches of the

external carotid artery may be useful in the diagnosis of GCA.7 In

contrast, radiologic data have traditionally failed to obtain posi-

tive signs for diagnosing AION; the most common finding in

these patients is brain leukoaraiosis, particularly in patients with

the nonarteritic form of the disease.8 MR imaging is the technique

of choice for studying subtle ischemic events, either with contrast

media or diffusion imaging. However, diffusion-weighted MR

imaging is prone to distortion and motion artifacts, which may be

problematic for the study of the anterior optic pathway.

We raised the hypothesis that cytotoxic ischemia is more pro-

nounced in GCA-AION compared with NA-AION, potentially

leading to more permeable vessels in the former. We further hy-

pothesized that damage to the anterior optic nerve microcircula-

tion at the acute stage of AION might be revealed by contrast-

enhanced MR imaging through a focal enhancement of the optic

nerve head, the “central bright spot sign.”

MATERIALS AND METHODS
This was a multicenter, parallel-group imaging study that was

registered with the ClinicalTrials.gov registry for healthy volun-

teers (NCT02529475). The study was approved by our institu-

tional review board (6705/15-CHUG-02) for patients. It was con-

ducted in accordance with the Declaration of Helsinki and

international standards of Good Clinical Practice. Signed in-

formed consent was obtained from all healthy volunteers.

Study Population and Design
Patients with typical MR imaging contraindications, such as im-

planted pacemakers, metallic foreign bodies, claustrophobia,

contrast agent allergy, or renal dysfunction with a glomerular fil-

tration rate of �30 mL/h, were excluded.

Patients 18 years of age or older were consecutively included in

this study if they presented with acute onset of AION symptoms

between August 2015 and May 2016. A diagnosis of AION was

made following a recent appearance of a painless decrease in vi-

sual acuity and/or visual field defects and a clinical examination

for diffuse or sectoral optic disc edema and peripapillary hemor-

rhages.4 Fluorescein angiography (Heidelberg Engineering,

Heidelberg, Germany) was performed to detect the early stages of

choroidal ischemia, and a visual examination (Humphrey Auto-

mated Field Analyzer 30 –2 SITA-standard; Zeiss, Dublin, Cali-

fornia) was performed at admission.

These patients were consecutively included if they had un-

dergone MR imaging with a 3D radiofrequency–spoiled T1-

weighted high-resolution, flow-compensated, fast-field echo

(FFE) acquisition.

The diagnosis of GCA was based on being older than 50 years

of age, systemic symptoms (anorexia, weight loss, jaw claudica-

tion, headache, scalp tenderness, abnormal temporal artery, neck

pain, myalgia, malaise, and anemia), ophthalmologic examina-

tion, biologic inflammatory syndrome with erythrocyte sedimen-

tation, elevated C-reactive protein, and a biopsy of the temporal

artery positive for GCA.

Healthy volunteers were included in the control group and

had undergone MR imaging with the same protocol, to ensure

that normal vascularization of the optic nerve head could be dis-

tinguished from disease process.

Imaging Diagnosis
Two board-certified radiologists (A.A. and A.L.) and 1 ophthal-

mologist (P.R.) from 2 different university hospitals indepen-

dently evaluated anonymized MR images of patients and healthy

subjects. The readers were blinded to all clinical data. We per-

formed the scans on a 3T MR imaging scanner, Achieva 3T TX

(Philips Healthcare, Best, the Netherlands) with a 32-channel

head coil. The MR imaging included a 3D radiofrequency-spoiled

T1-weighted high-resolution, flow-compensated, FFE acquisi-

tion (magnitude image from a phase conventional angiography

scan), by using the shortest TR and partial-echo TE (7.4 and 4.1

ms, respectively), 12° flip angle, 480-Hz/pixel readout gradient,

transverse orientation, 95 sections, voxel size acquisition � 0.6 �

0.7 � 0.8 mm3, voxel size reconstruction � 0.33, 0.33, and 0.40

mm3, right-left phase encoding, and scan time � 5 minutes 19

seconds. This evaluation was added to T2 spin-echo with whole-

brain coverage.

MR Imaging Grading System
For qualitative analyses, we visually evaluated the intensity of the

optic nerve head with a 3-grade ranking system. Each optic nerve

head was assigned a score as follows:

Score 0: no optic nerve head enhancement

Score 1: optic nerve head enhancement without intravitreal

protrusion (Fig 1A)

Score 2: both optic nerve head enhancement and intravitreal

protrusion (Fig 1B).

FIG 1. High-resolution T1 sequences in the axial plane showing the
bright spot sign ranking score. A, The first patient was referred with
right nonarteritic AION and a score of 1, with no optic nerve head
intravitreal protrusion but local enhancement (white arrow). B, The
second patient was referred with left GCA-related AION and both
protrusion and local enhancement, defined as score 2 (white arrow).
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In this study, score 0 represented physiologic features, and

scores 1 and 2 represented active papillary disease.

Each observer rated the MR images of each patient as positive

or negative for AION; for a positive MR imaging result, an optic

nerve head score of 1 or 2 was required.

Statistical Analysis
Data were analyzed with SPSS software, Version 22.0 (IBM, Ar-

monk, New York). Continuous data are presented as means with

SDs. Age differences between healthy participants and patients

were tested by using the Student t test. Categoric data were re-

ported as frequency and percentages. The Pearson �2 test was used

for the independence of the side of the central bright spot sign and

the clinical side of the disease in the patient group. Sensitivity,

specificity, positive/negative predictive values, and positive/nega-

tive likelihood ratios of the MR imaging examinations were cal-

culated for each observer. The interobserver agreement was cal-

culated by using the Fleiss � test; a � value � 0.80 represented

outstanding agreement. We set the significance threshold (P val-

ues) at .05.9

RESULTS
Fifteen healthy volunteers (8 women, 7 men) were included in this

study, with a mean age of 62 � 6 years. Thirty patients (8 women,

22 men) were included with a mean age of 71 � 11 years. Fifteen

patients presented with NA-AION, while 15 presented with GCA-

AION, confirmed with histopathologic examination. The delay

between ocular symptoms and MR imaging was 3 � 1.2 days. No

adverse effects were observed after injection of gadoteric acid.

There was no significant difference in the ages of healthy and

patient groups.

Bright Spot Findings
With contrast-enhanced MR imaging, patients in the control

group exhibited no enhancement of the optic nerve head. All pa-

tients with GCA-AION and 7 of 15 patients (46%) with NA-

AION presented with the bright spot sign, a local enhancement of

the optic nerve head on the high-resolution T1 sequence. The

interobserver agreement for the 3-grade ranking system was high

(� � 0.82) (Table 1).

We found a significant relationship between the side of the

bright spot and the side of clinical disease (P � .001). Table 2

summarizes the sensitivity, specificity, positive/negative predic-

tive values, and positive/negative likelihood ratios of the MR im-

aging examinations.

MR imaging allows to distinguish GCA-AION from NA-

AION with sensitivity of 100%, and specificity ranging from

53.3% to 60% for observer. Most important, all patients with

AION and without a bright spot sign were diagnosed with NA-

AION (Table 2). This finding was supported by a negative likeli-

hood ratio of �0.1 (ie, very useful for identifying patients who did

not have GCA-AION).

In patients with NA-AION, MR imaging had a moderate sen-

sitivity and high specificity and positive predictive value, com-

pared with healthy volunteers (Table 2).

In patients with GCA-AION versus healthy subjects, the sen-

sitivity, specificity, and negative and positive predictive values of

MR imaging were 100% for each reader because the central bright

spot sign was observed in all these patients.

The presence of the central bright spot sign was not signifi-

cantly associated with age in either group.

DISCUSSION
Here, we have demonstrated the early presence of a new MR im-

aging sign in the acute phase of AION. All patients with GCA-

AION exhibited optic nerve head enhancement, compared with

only 50% of patients with NA-AION (P � .05) and 0% of healthy

volunteers (P � .01). Therefore, in our series, the absence of optic

nerve head enhancement in patients with AION precluded a di-

agnosis of giant cell arteritis.

In the clinical management of patients with AION, it is crucial

to diagnose GCA promptly because early treatment with cortico-

steroids decreases both the risk of contralateral eye injury and

recurrence on the original side1,3 and also decreases the risk of

systemic complications. To date, there is limited evidence avail-

able regarding the value of MR imaging for patients with ischemic

optic neuropathy. In a previous study with T1 inversion recov-

ery—weighted imaging, Rizzo et al4 observed abnormalities in the

clinically affected optic nerve of patients with optic neuritis (ie,

associated with demyelinating brain disorders), whereas no ab-

normal signal was detected in patients with AION. Recently, an

MR imaging study of 3 patients with AION highlighted possible

optic nerve perineural sheath and optic chiasma enhancement.10

However, the optic nerve head was not studied in these patients.

This is the first MR imaging study that demonstrates an optic

nerve head morphologic sign in patients with AION, to our

knowledge. The negative predictive value of this sign strongly sug-

gests that the absence of the bright spot sign rules out a diagnosis

of GCA-AION.

In addition to morphologic brain examination, it was recently

proposed that diffusion-weighted MR imaging and tractography

postprocessing may help diagnose AION at the subacute stage.11

Focusing on diffusion-weighted MR imaging, Bender et al12 de-

scribed 5 cases of acute optic ischemia with diffusion restriction

and reduced apparent diffusion coefficient, while Wan et al11

found only 2 cases of AION in a cohort of 42 patients. In a larger

tractography study of 26 patients, Wang et al13 proposed several

diffusion biomarkers in patients with AION that may serve as

biomarkers of axonal and myelin damage in AION. However,

diffusion-weighted MR imaging is prone to distortion and mo-

tion artifacts. This may be problematic for the study of optic path-

ways and extraction of quantitative values. Furthermore, the

tensor model typically used for tractography in this area is partic-

ularly challenging to apply to the low signal-to-noise ratio areas.14

In addition, diffusion-weighted MR imaging depends on axonal

Table 1: Number of patients with the bright spot sign for each
reader

Reader

Healthy
Subjects
(n = 15)

NA-AION
(n = 15)

GCA-AION
(n = 15)

Reader 1 0/15 7/15 15/15
Reader 2 0/15 6/15 15/15
Reader 3 0/15 6/15 15/15
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integrity but also on other parameters such as axon diameter and

the degree of myelination or the space between axons.15

A published case report of a patient with NA-AION has previ-

ously described this marked enhancement of the optic disc, sim-

ilar to the bright spot sign.16 Friedland et al17 reported that this

phenomenon could be associated with increased perfusion, a re-

parative reaction to ischemia. Hayreh18 determined that optic

disc edema is always present in acute AION, due to 2 factors: an

axonal ischemia mechanism with capillary leakage in the optic

nerve head and a venous stasis secondary to the acute stroke.

Optic nerve head enhancement on MR imaging assessment has

previously been described in patients with pseudotumor cerebri

compared with controls19 and in 1 patient at the acute stage of

Leber hereditary optic neuropathy.20

In our study, the bright spot sign was consistently observed in

patients with GCA-AION and is concordant with the cytotoxic

ischemia of this disease.21

We acknowledge that there are several limitations of this

study. First, we should acknowledge a small sample size for pa-

tients with AION. While these results are encouraging, further

multicenter studies that involve a large number of patients with

AION, which is a rare disease in the context of GCA, should be

performed to validate the early use of enhanced and high-resolu-

tion MR images.

In addition, we performed the scanning at the subacute phase

with a mean delay of 3 � 1.2 days. In the absence of other time

points, however, we cannot currently determine the optimal delay

for the examination, especially relating to the hours immediately

after the clinical event. Follow-up studies would also be of interest

to observe the evolution of the MR imaging signal with the time,

with the potential limit of repeated injections of gadolinium

which may be associated with contrast media accumulation in the

brain parenchyma of healthy subjects.22,23 Here, we used a mac-

rocyclic gadolinium chelate administration that, to date, has not

been associated with the presence of hypersignal intensity in the

dentate nucleus.23

A long-term, clinical follow-up of patients would allow deter-

mining whether there is a correlation among the central bright

spot sign, visual field defects, and/or involvement of the retinal

nerve fiber layer of the optic nerve and macular ganglion cells, as

has previously been demonstrated with optical coherence tomog-

raphy.24 It might also reveal a possible predictive power for the

likelihood of recovery or visual prognosis according to the ab-

sence or presence of the signal and its visual scale ranking.

CONCLUSIONS
This preliminary study suggests that patients with suspected isch-

emic optic neuropathy can potentially benefit from MR imaging

in the emergency setting, to differentiate GCA-AION and NA-

AION and definitively exclude the arteritic form.
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