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Background: Giant cell arteritis (GCA) is the most common vasculitis in patients

older than 50 years and is considered a “do not miss” diagnosis. However, it

remains a diagnostic challenge given overlapping clinical syndromes such as

non-arteritic anterior ischemic optic neuropathy (NAION) and poorly explored

imaging findings.

Materials and methods: In this retrospective study between the time period of

January 2013 and December 2021, a total of 13 consecutive patients with a

pathological diagnosis of GCA and 8 patients with clinical diagnosis of NAION

were isolated. Demographic and clinical data for each patient were collected,

including pertinent laboratory data. Pertinent physical exam data was also

collected, including fundoscopic exam and visual acuity. Two neuroradiologist

assessed the orbital MRI imaging findings of GCA and NAION for the presence

and characterization of imaging abnormalities. Assessment for potential

relationship between GCA orbital findings, laboratory and visual outcomes was

performed. Finally, comparison between GCA and NAION imaging findings

was performed.

Results: 13 GCA patients were assessed. 9 patients had abnormal orbital findings.

Of these 8 patients had bilateral orbital involvement The most common imaging

findings was perineuritis of the optic nerve sheath, present in 7 patients. In total, 8

NAION patients were assessed. All patients demonstrate optic nerve

involvement. The Snellen test was converted to logmar, and visual acuity was

assessed for both NAION and GCA for each eye at diagnosis and at the last

follow-up. There was no statistical significance for either eye for both GCA and

NAION at initial diagnosis and final follow-up. In the 4 GCA patients with normal

MRI findings and 9 GCA patients with abnormal MRI findings, there was no

statistical significance between initial presentation and final follow-up

visual acuity.
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Conclusion: GCA and NAION are potentially overlapping clinical syndromes with

different treatment approach and poorly explored imaging findings. Our case

series assesses the orbital imaging findings of both syndromes while noting

different imaging pattern of both on MRI, which can serve as a potential tool to

aid in diagnosis of both.
KEYWORDS
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Introduction

Giant cell arteritis (GCA) is the most common vasculitis in

patients older than 50 and is considered a “do not miss” diagnosis,

given the risk of rapid permanent vision loss in up to 20% of

untreated cases (1–3). However, its diagnosis remains challenging,

given varied clinical presentations, overlapping diseases, and a lack

of consensus criteria for clinical diagnosis (4, 5).

Multiple laboratory and clinical features can suggest GCA, but

no single feature is diagnostic (5). However, combining laboratory

and clinical findings can help guide further investigation, including

biopsy and subsequent imaging (4, 6).

Temporal artery biopsy has long been considered the gold

standard for diagnosing GCA (3). However, yield and sensitivity

remain low due to multiple challenges, including the stringent

recommended sample size, the failure of ultrasound guidance to

improve biopsy sensitivity, the large variability between pathologists

in interpreting the biopsy, and the variation in temporal artery

anatomy (3, 7–15).

Imaging of GCA has historically focused on identifying large

vasculitis, detecting temporal artery vasculitis, guiding biopsy sites,

and detecting intracranial and systemic complications. Ultrasound has

been studied extensively for detecting temporal artery vasculitis and

aiding in biopsy site identification, with mixed results for both (11, 16–

19). Computed tomography (CT), computed tomography angiogram

(CTA), and positron emission tomography (PTE/PET/CT) have been

assessed in the detection of large vessel vasculitis in GCA (20–24). In

addition to imaging of large vessels vasculitis changes and intracranial

complication of GCA, magnetic resonance imaging/angiography

(MRI/MRA) through vessel wall imaging offers the ability to assess

and detect smaller vessels vasculitis including temporal artery, further

aiding in diagnosis and biopsy guidance (25–28).

Despite the extensive imaging data for assessing vasculitis in

GCA, there is significantly limited data in assessing orbital findings

in patients with GCA, and little is known regarding the presence

and significance of such findings. Furthermore, most published case

reports and series focused on assessing the optic nerve sheath

complex and papilledema (29–31). In this case series, we assess

the intra-orbital imaging findings of 13 patients with a confirmed

diagnosis of GCA. We hypothesize that intra-orbital MRI findings
02
in GCA are more prevalent than believed. Furthermore, we assess

the relationship between imaging findings, symptoms, and

laboratory markers. We also observe the relationship between

imaging findings and long-term vision outcomes. Finally, we

compare orbital MRI imaging findings of GCA-associated

arteritic anterior ischemic optic neuropathy (A-AION) and non-

arteritic anterior ischemic optic neuropathy (NAION), a clinically

overlapping entity with different management and disease course,

to assess orbital MRI potential as an aiding diagnostic tool in

distinguishing between the two entities. Arteritic anterior

ischemic optic neuropathy is the most common cause of visual

loss in GCA (32), and deciding whether the patient has the arteritic

or non-arteritic form of the disease is often challenging.
Materials and methods

The institutional review board at Washington University School of

Medicine in Saint Louis (WashU) approved this retrospective study.
Patient selection and inclusion criteria

Between January 2013 and December 2021, 13 consecutive

patients with a diagnosis of GCA and eight patients with NAION

were identified. Assessment of pathology, clinical data, and imaging

data was then performed to refine the data with the following

inclusion criteria:

GCA
1. Tissue diagnosis of GCA via temporal artery biopsy

performed or confirmed at WashU 2. Clinical diagnosis of GCA,

3. Orbital and/or brain MRI is available in PACS for review. All

these three criteria must be met, and the lack of any of these criteria

excludes the patient from the study.

NAION
1. Clinical diagnosis of NAION, 2. Orbital and/or brain MRIs

are available in PACS for review. Both criteria must be met, and the

patient is only included in the study if they are met.
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Clinical and laboratory data

Patients’ electronic medical records were accessed, and

demographic and clinical data for each patient were collected,

including age at diagnosis, gender, presenting symptoms, available

imaging, and pertinent laboratory data (C-reactive protein and

erythrocyte sedimentation rate, ESR). Pertinent physical exam data,

including fundoscopic exams and visual acuity, were also collected.

Lastly, the patient’s vision status was documented at the last available

follow-up. A fellowship-trained neuro-ophthalmologist confirmed the

diagnosis of AION (both arteritic and non-arteritic).
Imaging review

All MRI characteristics were reviewed by two fellowship-trained

neuroradiologists with 4 years.’

(R.E.) and 17 years’ experience (M.P). Both readers were

blinded to the radiology reports, clinical data, and each other’s

interpretation. Initially, each neuroradiologist assessed the imaging

for abnormalities, which was used to calculate Interobserver

agreement. Subsequently, both neuroradiologists reviewed the

images together while blinded to the radiology report and

resolved disagreements with consensus.
MR orbits/brain imaging review

All MRI brain and orbits were acquired on 1.5T or 3T Siemens

Scans. Brain MRI exams included a 4 mm Sagittal T1WI, 5 mm axial

T2WI, axial 5 mm fluid-attenuated inversion recovery (FLAIR), 5 mm

axial and 3 mm coronal diffusion-weighted images (DWI), 5 mm axial

post-contrast T1WI, and 5 mm fat, saturated coronal post-contrast

T1WI. Orbits MRI protocol included 3 mm axial T1WI of the orbits,

0.7 mm axial constructive interference in steady state (CISS) of the

orbits, 4 mm coronal fat-saturated FLAIR of the orbits, 1 mm axial post-

contrast volumetric interpolated breath-hold examination (VIBE) of the

orbits, 4 mm coronal spectral attenuated inversion recovery (SPAIR) of

the orbits.

All MR orbits and/or brain images were analyzed to assess

bilateral orbital structures for abnormalities. Optic disc edema was

assessed as present or absent on fluid-sensitive sequences and

diffusion-weighted images in cases with clinical optic disc edema

(33). Optic nerve sheath complex enhancement and/or signal

abnormality of fluid-sensitive sequences, optic nerve segment

abnormality location, and enhancement pattern were recorded.

Involvement of extraocular muscles and globe was documented.

Lastly, a comparison of orbital findings between GCA and NAION

was performed.
Statistical analysis

The mean and standard deviations of pertinent laboratory data

were calculated and reported in the result section. Also, the
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interquartile range (IQR) was calculated when indicated. An

interobserver agreement, Cohen Kappa, was calculated for the

presence of orbital abnormality on MRI for both GCA and

NAION. Disagreements were resolved by consensus agreement.

Association between clinical symptoms and imaging

abnormality was noted, and statistical significance was calculated

using a paired t-test when feasible. Similarly, the association

between laboratory abnormality and the presence of imaging

abnormality for GCA patients was noted, and when possible,

statistical significance was calculated using a paired t-test. A

comparison of orbital imaging findings between GCA and

NAION was performed to assess potential imaging markers that

can distinguish between the two entities. Visual acuity utilizing

Snellen visual charts was standardized into logmar format to allow

for statistical analysis as described previously (34, 35). A

comparison of visual acuity at presentation and final follow-up

for both GCA and NAION was performed using a paired t-test.

Lastly, an exploratory observation of the association between

abnormal imaging findings and long-term visual outcomes was

documented, and statistical significance was performed utilizing a

paired t-test.
Results

Clinical data for both GCA and NAION is summarized in

Table 1. In total, 13 patients (7 females) with biopsy-proven GCA

and 8 NAION patients (6 females) were included. Patients with

NAION were younger, which was statistically significant. There was

no significant difference between the two populations regarding

symptoms to presentation and symptoms to MRI. As expected, ESR

and CRP were higher in GCA patients, which was statistically

significant, while there was a trend for higher platelets in GCA

patients (0.051). Only two patients with NAION had temporal

artery biopsies. One patient had a biopsy 3 days after presentation

and another 47 days after presentation.
MRI imaging findings

GCA
In total, 13 patients and 26 orbits were assessed, data

summarized in Table 2. 9 patients had abnormal orbital findings

(69.2%). Of these eight patients (88.89%), bilateral orbital

involvement was observed on imaging, including four patients

with visual symptoms involving only one orbit. The most

common imaging findings was perineuritis of the optic nerve

sheath complex detected on MRI as enhancement along the optic

nerve sheath confined to the intraorbital segment in all cases

(Figures 1, 2). There was no enhancement or hyperintensity of

the optic nerve on fluid-sensitive sequences in any case. Bilateral

perineuritis was present in 7 patients. Two patients had imaging

evidence of optic disc edema correlating with fundoscopic findings.

In both cases, there was perineuritis. 2 patients had isolated left

medial rectus muscle involvement, characterized by thickening and
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enhancement of the muscle compared to the contralateral side. In

one patient, this was the only abnormal imaging finding.

The inter-reliability agreement between both readers for the

detection of orbital abnormality was calculated using Cohen’s

Kappa coefficient, which was 0.491, suggesting moderate agreement.

NAION
8 patients and 16 orbits were assessed, as shown in Table 2.

All patients demonstrate optic nerve involvement, suggested by an

increased signal within the optic nerve on fluid-sensitive sequences.

However, none of the involved optic nerves demonstrated any
Frontiers in Ophthalmology 04
associated enhancement (Figure 3). The optic nerve signal

abnormality was confined to the intraorbital segment in 7

patients, and in 1 patient, it extended to the intracanalicular

segment. Two patients had bilateral optic disc edema on imaging.

Interestingly, all patients had unilateral optic nerve involvement

involving the symptomatic side. In cases of sequential visual loss,

the initial site of symptoms was the site that demonstrated the optic

nerve signal abnormality.

The inter-reliability agreement between both readers for detecting

orbital abnormality was calculated utilizing Cohen’s Kappa coefficient,

which was 0.875, suggesting almost perfect agreement.
TABLE 2 GCA (with and without AION) and NAION MRI orbital imaging findings.

Characteristic (number of patients)

MR orbit findings of GCA 4 normal
9 abnormal
- 8 perineuritis of the intra-orbital segment o 7 bilateral
- 2 optic disc edema

o 1 bilateral
- 2 medial rectus muscle thickening and enhancement

MR orbit findings of NAION 8 abnormal
- 8 unilateral optic nerve T2/FLAIR hyperintensity o 7 intra-orbital segment o

1 intra-orbital and intracanalicular segments
- 2 bilateral papilledema
TABLE 1 Clinical characteristics of both GCA (with and without AION) and NAION.

Characteristic (n) GCA NAION P value*

Patient population (females) 13 (7) 8 (6)

Presenting symptoms (number) 12 visual loss
7 headaches 7 jaw claudication 6 scalp
tenderness 3 weight loss 1 temporal
artery induration
1 no symptoms

8 Vision loss or field defect

Optic disc edema 9 present
3 normal
1 not reported

7 present 1 not reported

Abnormal fundoscopic exam 7 abnormal
6 normal

3 abnormal
4 normal 1 not examined

Mean age in years at presentation (SD) 76.31 (7.1) 60.75
(7.12)

0.00027*

Symptoms to presentation in days 7.91 15.63 0.13

Symptoms to MRI in days 9.33 25.14 0.16

Presentation to biopsy in days 3.38 25¹

ESR Mean
ESR Median and IQR

57.62
52 (37.5-76.5)

12.86
12 (7-16)

0.0039*

CRP Mean
CRP Median and IQR

57.74
41.5 (17.561.85)

1.27
0.8 (0.41.4)

0.039*

Platelets Mean
Platelets Median and IQR

363.1
389 (278.5-443)

267.43
270 (207299)

0.051

Follow up in months Mean Follow up
Median and IQR

20.62
12 (1.5-33)

10.14
10 (5-13)
*P value <0.05 denotes statistical significance.
Only two patients with NAION had biopsies. A patient after 3 days and another after 47 days from presentation.
frontiersin.org

https://doi.org/10.3389/fopht.2024.1498968
https://www.frontiersin.org/journals/ophthalmology
https://www.frontiersin.org


Eldaya et al. 10.3389/fopht.2024.1498968
Visual acuity comparison

The Snellen test was converted to logmar, and visual acuity was

assessed for both NAION and GCA in each eye at diagnosis and the

last follow-up. There was no statistical significance for either eye for

both GCA and NAION at initial diagnosis and final follow-

up (Table 3).

Subsequently, this was further sub-analyzed to assess patients

with GCA with and without associated abnormal MRI findings.

There was no statistical significance between the four patients with

normal MRI findings between the initial presentation and final

follow-up visual acuity, Table 3. Similarly, there was no statistical

significance between the nine patients with abnormal MRI findings

between the initial presentation and final follow-up visual acuity,

Table 3. Lastly, an exploratory attempt was made to assess the

potential association between imaging findings, initial visual acuity,

and subsequent outcomes. A comparison between the visual acuity

of patients with normal and abnormal MRI orbit imaging findings
Frontiers in Ophthalmology 05
was performed at the initial and final presentations, which

demonstrated no statistical significance, Table 4. This was also

correlated with comparing laboratory tests for both subgroups at

presentation. There was no statistical significance in ESR (p = 0.35),

CRP (p = 0.36), or platelets level (0.14) between GCA patients with

positive and negative orbital MR findings.
Discussion

Giant cell arteritis is an ophthalmological emergency with

prompt diagnosis offering the best opportunity to avert visual loss

(1). However, diagnosis remains challenging, and there continues to

be a lack of clinical or laboratory definitive tests (4). Historically,

imaging has focused on assessing the large vessels for signs of

vasculitis or guiding biopsy. Recent advances in vessel wall imaging

offer promise in detecting temporal artery inflammatory changes,

mapping the extent of inflammation, guiding in a biopsy, and
a b

FIGURE 2

80-year-old presenting with acute left eye vision loss (OS) with jaw claudication, headache, and weight loss. A fundoscopic exam demonstrated left
optic disc edema. Subsequent biopsy confirmed GCA. (A) Coronal fat-saturated FLAIR demonstrates FLAIR hyperintensity along the bilateral
intraorbital optic nerves sheath (arrows), suggestive of optic perineuritis. (B) The coronal fat-saturated post-contrast sequence demonstrates
enhancement of the bilateral intraorbital optic nerve sheath suggestive of perineuritis (arrows).
FIGURE 1

74-year-old presenting with acute left eye vision loss (OS) with jaw claudication, scalp tenderness, and headaches. Fundoscopic exam demonstrated
grade 3 OS optic disc edema with heme. Subsequent biopsy confirmed GCA. Coronal fat-saturated post-contrast sequence demonstrates
enhancement of the bilateral intraorbital optic nerves sheath suggestive of perineuritis (black arrows). The left medial rectus muscle is asymmetrically
thickened and enhancing compared to the right medial rectus muscle, suggesting myositis (gray arrow).
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assessing the relationship of the vessel to the facial nerve (36–38).

Intra-orbital imaging findings of GCA should be better studied and

thoroughly investigated as potential markers for diagnosing GCA

and distinguishing it from the clinically overlapping, differently

managed NAION.

Our study assessed 13 patients with biopsy-proven GCA for intra-

orbital findings with multiple exciting and potentially helpful imaging

observations. First, detection of abnormal imaging findings is relatively

common in GCA, with nine patients (69.2%) demonstrating at least

one abnormal imaging finding on MR. Second, imaging findings are

not confined to the symptomatic orbit but can also involve the non-

symptomatic orbit, as four patients in this study demonstrated imaging

abnormality in the noninvolved orbit. Third, the most common

imaging finding was perineuritis with enhancement surrounding the
Frontiers in Ophthalmology 06
intra-orbital optic nerve sheath complex without clinical optic nerve

dysfunction. This was present in 8 patients, seven bilateral, including

four asymptomatic orbits. Perineuritis can be explained by the

involvement of the supplying vessels by the vasculitis, and the

involvement of the asymptomatic orbit suggests an indirect sign of

extension of the vasculitis to the orbit. Fourth, abnormal imaging

findings are not isolated to the optic nerve sheath complex as two

patients had optic disc edema and two additional patients had

involvement of rectus muscles; in 1 case, this was the only abnormal

imaging finding in the orbit. Our results align with a recently published

multi-center study by Guggenberger et al. assessing intra-orbital

imaging findings of GCA on black blood MRI (39). Guggenberger

et al. noted 32% of patients with abnormal orbital imaging findings (18/

56) (39). Similar to our study, the most common imaging finding was
TABLE 3 Logmar visual acuity comparison for NAION and GCA at initial presentation and final follow-up.

Pathology (number
of patients)

Initial presentation (mean) Last follow up (mean) P value*

NAION OD (8) 0.45 0.29 0.46

NAION OS (8) 0.55 0.74 0.15

GCA OD (13) 1.281538 1.476923 0.7

GCA OS (13) 0.901538 0.844615 0.87

GCA normal MRI
findings (4)

1.038 1.202 0.53

GCA abnormal MRI
findings (9)

1.125 1.135 0.96
*P value <0.05 denotes statistical significance.
a b

FIGURE 3

53-year-old presenting with sequential horizontal field vision loss with fundoscopic exam demonstrating bilateral grade 4 optic disc edema. Clinical
diagnosis was consistent with NAION. (A) Coronal fat-saturated FLAIR demonstrates FLAIR hyperintensity and indistinctness of the right intraorbital
optic nerve (black arrow) compared to the left optic nerve (gray arrow). (B) Coronal fat, saturated post-contrast, demonstrates no enhancement
within both intraorbital optic nerves (arrows).
TABLE 4 Logmar visual acuity comparing initial presentation and final follow-up GCA for normal and abnormal MRI orbital exams.

GCA (number of patients) Normal orbital MRI (4) Abnormal orbital MRI (9) P value*

Initial presentation 1.038 1.125 0.84

Final follow up 1.202 1.135 0.89
*P value <0.05 denotes statistical significance.
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optic nerve sheath enhancement noted in 13 patients, with 12 being

bilateral (39). However, unlike our study, Guggenberger et al. did not

note any involvement of the extraocular muscles (39). Also, in

Guggenberger et al. study optic neuropathy was almost nonexistent,

with only one of 56 patients developing such involvement (39).

Another interesting aspect of our study was assessing the potential

role of orbital MR imaging abnormalities as a diagnostic and predictive

tool. Our study evaluated the relationship between clinical and

laboratory data of abnormal and normal orbits on MRI for patients

with GCA. We did not note a significant difference between the two

groups.We also assessed both groups’ initial and final vision acuity and

did not find significant differences. While the group sample is small (9

vs. four patients), preliminary exploratory data suggests the abnormal

orbital findings might not correlate with laboratory/inflammatory data

and might not serve as a predictor of long-term visual status. However,

more extensive studies are needed to assess this further. In addition, it

would be interesting to correlate these imaging findings with vessel wall

imaging studies to map the association between vessel inflammation

and orbital imaging findings.

Lastly, NAION and arteritic AION can overlap clinically, and

we considered the possibility ofassessing the MR orbital findings of

NAION and assessing these findings as a potential aid in

differentiating between both entities. NAION orbital MR findings

are under-reported in the literature. In our study, we noted multiple

interesting imaging findings in NAION patients. First, all patients

had abnormal orbital MR findings, suggesting that orbital imaging

findings in this entity are often underreported. Second, in all

patients, the abnormal MR imaging was unilateral, even in cases

of subsequent visual loss, with MR demonstrating abnormal

imaging of the initial symptomatic orbit only. Third, the optic

nerve was involved in all cases, and the abnormality was

hyperintensity of the optic nerve on fluid-sensitive sequences

without associated enhancement.

The combination of these factors likely reflects the mechanism

of non-vasculitic ischemia, and explains the lack of enhancement.

The only additional imaging finding noted was optic disc edema,

which was present in two of the eight patients.

This study suggests that orbital imaging findings may help

distinguish between GCA and NAION, especially in cases of clinical

uncertainty. It indicates that GCA is more likely to be bilateral,

while NAION is typically unilateral. Also, GCA most commonly

presents with the enhancement of the optic nerve sheath complex

with sparring of the optic nerve. In contrast, NAION normally

presents with abnormal optic nerve signal on a fluid-sensitive

sequence without enhancement. Lastly, both typically involve the

intra-orbital segment of the optic nerve with occasional associated

optic disc edema.

Our study has a few limitations, including the retrospective

nature of the study and the small sample size. However, in the case

of GCA, this is offset by the inclusion of only biopsy-proven cases,

and our study is one of the largest single-center studies assessing

imaging findings of GCA. Also, including clinical, laboratory, and

visual acuity data further strengthens the study and adds to the

robustness of the data. Similarly, the NAION patient population is

small, but robust inclusion criteria offset this. Also, NAION orbital

imaging assessment needs to be more present in the radiology
Frontiers in Ophthalmology 07
literature, and this article attempted to assess the imaging findings

while correlating them with clinical, laboratory, and visual acuity

data. Lastly, the article tried to assess imaging utility in aiding the

clinician in distinguishing between the two often overlapping

entities. Lastly, our study is exploratory for future collaborative

studies in determining the relationship between vessel involvement

and orbital findings in GCA and the relationship between imaging

findings and visual outcomes.
Conclusion

GCA is the most common vasculitis in patients above 50 years

old, with the potential for visual loss. Our retrospective case series

suggests that MRI orbital imaging can offer a potential clue for

diagnosis, with most patients demonstrating imaging abnormalities.

Optic nerve perineuritis is the most common imaging finding and is

frequently bilateral. Our case series suggests that NAION, a

potentially overlapping clinical syndrome poorly assessed in the

neuroradiology literature, also often demonstrates imaging

abnormalities that differ from GCA imaging findings. Optic nerve

non-enhancing hyperintensity on fluid-sensitive sequence is the

most common imaging finding on NAION. Lastly, our data

suggests that abnormal imaging findings in GCA do not correlate

with visual acuity outcomes. However, more extensive studies are

needed to explore this further and correlate GCA imaging findings

with vascular and clinical outcomes.
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