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Abstract
Background Giant cell arteritis (GCA) is a vasculitis of large and medium-sized vessels that causes severe ophthalmic 
complications. Timely diagnosis and disease monitoring may prevent permanent vision loss but biomarkers for early 
ocular involvement are scarce. This study evaluates early optical coherence tomography (OCT) and OCT angiography 
(OCTA) biomarkers of ocular involvement in newly diagnosed GCA.

Methods Newly diagnosed GCA patients and similarly aged controls were enrolled. Participants underwent ocular 
examination, including OCT and OCTA imaging of the macula and optic disc. OCT metrics included macular ganglion 
cell layer (GCL) and peripapillary retinal nerve fiber layer (pRNFL) thickness. OCTA parameters included vessel density 
(VD), vessel skeleton density, and vessel diameter index (VDI). Associations between imaging biomarkers and GCA 
symptoms (ordinal GCA symptom score) were analyzed using age-adjusted regression models.

Results We recruited 23 newly diagnosed GCA patients and 27 controls. VD and VDI in the deep retinal capillaries 
were significantly higher in GCA compared to controls (p ≤ 0.027). In patients reporting ocular symptoms, GCL 
thickness, volume and pRNFL thickness were increased in 11%, 22% and 17% of Early Treatment Diabetic Retinopathy 
Study subfields compared to controls (p ≤ 0.04). Additionally, GCL and pRNFL thicknesses were associated with GCA 
symptoms (p ≤ 0.041).

Conclusions OCT and OCTA imaging revealed structural and perfusion alterations in newly diagnosed GCA patients. 
Retinal microcirculation was altered, even regardless of the presence of ophthalmic symptoms. Structural changes 
correlated with systemic manifestations of GCA, suggesting a link between extracranial and intracranial involvement. 
Our findings underscore the potential diagnostic value of OCT and OCTA biomarkers for ocular involvement in GCA.
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Introduction
Giant cell arteritis (GCA) is the most prevalent systemic 
vasculitis in the western world, primarily affecting large- 
and medium-sized vessels in individuals over 50 years of 
age [1]. The disease is characterized by vascular inflam-
mation and remodeling, which can lead to stenosis and 
occlusion [2]. Notably, up to 70% of those affected by 
GCA experience ophthalmic manifestations [3], with per-
manent visual impairment reported in up to 37% of cases 
[3, 4]. Irreversible eye-related complications of GCA, 
arteritic anterior ischemic optic neuropathy (AION) and 
retinal artery occlusion, have a poor visual prognosis and 
may be refractory to glucocorticoid treatment [5–7].

Therefore, prompt diagnosis and immediate initia-
tion of therapy are essential to reducing the risk of fur-
ther ischemic complications [8]. Delayed or inaccurate 
diagnosis, which postpones high-dose systemic cortico-
steroid therapy, significantly increases the likelihood of 
permanent visual loss and contralateral eye involvement 
[9]. The implementation of Fast-Track Clinics, designed 
to expedite and optimize diagnostics for GCA, including 
ultrasound of the temporal and axillary arteries to evalu-
ate macrovascular changes, has markedly decreased the 
incidence of permanent blindness in newly diagnosed 
GCA patients from 19 to 37% to 2–13% [4, 10–12]. 
Additionally, transorbital ultrasound has demonstrated 
potential in assessing central retinal flow velocity and 
structural ocular changes in GCA, underscoring the 
growing role of ocular imaging modalities in evaluating 
GCA-related complications [13].

However, while vascular and transorbital ultrasound 
are effective in detecting GCA-associated macrovascu-
lar changes, they lack the ability to assess microvascu-
lar alterations in ocular anatomy and perfusion induced 
by GCA. In this regard, optical coherence tomography 
(OCT) and OCT angiography (OCTA) may provide 
high-resolution imaging capable of evaluating subtle 
ocular changes, making them promising tools for the 
early detection of ophthalmic manifestations of GCA 
[14]. Most existing studies on OCT and OCTA biomark-
ers in GCA have focused on patients with advanced or 
established ophthalmologic manifestation [15, 16], leav-
ing a significant gap in identifying early indicators of ocu-
lar involvement. This study aims to address this gap by 
investigating the diagnostic potential of OCT and OCTA 
as early imaging biomarkers in newly diagnosed GCA 
patients compared to healthy controls.

Methods
Patient characteristics
Patients with newly diagnosed, untreated GCA were 
enrolled at the Department of Ophthalmology and the 
Department of Rheumatology at the University Hospi-
tal Bonn, Germany, between October 1, 2018, and May 

31, 2022. Previous findings in the same cohort have been 
published independently of the present study [30] and 
focused on associations between ocular and non-ocular 
imaging biomarkers of GCA. In contrast to the goal of 
our previous study, the aim of this study was to investi-
gate changes in ocular biomarkers in newly diagnosed 
GCA patients compared to control participants. Diag-
noses of GCA were made by a board-certified rheuma-
tologist. Eligible participants were required to be over 
50 years of age. Patients were required to exhibit ele-
vated serum inflammatory markers (C-reactive protein 
[CRP] > 10  mg/L), and have a history of glucocorticoid 
use not exceeding seven days prior to enrollment, in addi-
tion to meeting the ACR-EULAR classification criteria 
[17]. Patients not meeting these criteria were excluded. 
Healthy control participants of a similar age group were 
recruited through the Department of Ophthalmology at 
the University Hospital Bonn. Further exclusion criteria 
included concurrent rheumatologic diseases other than 
GCA and polymyalgia rheumatica, high myopia, isch-
emic retinopathies, and relevant media opacities impair-
ing the interpretation of ocular imaging. Additionally, 
eyes with a history or evidence of AION, retinal artery 
occlusions, or imaging of insufficient quality (OCT signal 
strength < 20 dB or OCTA index < 7) were excluded, while 
participants were allowed to have self-reported ocular 
symptoms.

Clinical assessment
At study inclusion, demographic data, glucocorticoid 
treatment history, cardiovascular risk factors, and the 
history of neurological and ophthalmological diseases 
were recorded for each participant. We conducted 
a single examination of all participants’ eyes, which 
included assessing best-corrected visual acuity (BCVA), 
intraocular pressure and a clinical evaluation as well as 
OCT and OCTA imaging of the macula and the optic 
disc. Additionally, participants with GCA underwent 
a comprehensive physical examination conducted by 
a board-certified rheumatologist, as well as laboratory 
assessments, including CRP, hemoglobin, leukocyte 
count, and platelet count. Ultrasound examinations of 
the superficial temporal arteries and their branches, as 
well as the facial, axillary, carotid, and vertebral arteries, 
were performed as described before [13, 18, 19]. These 
ultrasound assessments were conducted by board-certi-
fied rheumatologists with extensive experience in GCA-
related ultrasound imaging (> 1000 examinations) or by 
supervised medical students under their guidance.

Ocular imaging
The same protocol and devices were used across all par-
ticipants (spectral-domain OCT: Spectralis HRA + OCT, 
Heidelberg Engineering, Heidelberg, Germany; 
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swept-source OCTA: PLEX Elite 9000, Carl Zeiss Med-
itec, Dublin, California). The OCT imaging protocol 
included a volume scan of the macula (20°×15°, 19 sin-
gle horizontal B-Scans, 25 frames, including automatic 
real-time tracking), centered on the fovea and peripapil-
lary ring scans (diameter 3.5 mm, 100 frames, including 
automatic real-time tracking), centered on the optic disc. 
The OCTA imaging protocol included 6 × 6  mm cube 
scans centered at the macula and the optic disc, respec-
tively, at a frequency of 100,000 A-scans per second. We 
performed imaging without pupil dilation, scheduling 
the eye exam within the first week after initial diagnosis 
of GCA. Both OCT and OCTA scans were automati-
cally segmented using the proprietary algorithms imple-
mented in the respective devices, and reviewed by two 
readers each (JHT and JJ) to allow for manual corrections 
of the segmentations where necessary. From OCT data, 
a macular ganglion cell layer (GCL) thickness map and a 
peripapillary retinal nerve fiber layer (pRNFL) thickness 
map were automatically calculated in the Heidelberg Eye 
Explorer (HEYEX 2, Heidelberg Engineering, Heidelberg, 
Germany). From OCTA data, en face images were gener-
ated as previously reported [20]. In brief, the proprietary 
algorithm calculated separate flow maps of the superficial 
retinal layer (flow information from retinal nerve fiber 
layer to inner plexiform layer), deep retinal layer (inner 
nuclear layer to Henle fiber layer) and choriocapillaris 
layer. Within the software, projections of the superficial 
vessels were removed from the en face images of the deep 
retinal layer and choriocapillaris layer.

Image data extraction
Subfield GCL and pRNFL thickness data were extracted 
from the OCT thickness maps. The subfields of the mac-
ular volume scan followed the Early Treatment Diabetic 
Retinopathy Study grid [ETDRS grid]. OCTA en face-
maps were first processed with Fiji (based on ImageJ, ver-
sion 1.51w) in order to obtain the perfusion variables for 
further analysis. We binarized the en face image showing 
the perfusion of the superficial and deep retinal plexus, 
using an automated algorithm [20, 21]. The parameters 
vessel density, vessel skeleton density and vessel diameter 
index were calculated for use as outcome variables [22]. 
Vessel densitiy represents a global marker of the retinal 
perfusion while vessel skeleton density and vessel diame-
ter index are more affected by longitudinal and diametral 
changes in the vessel perfusion, respectively. The en face 
image of the choriocapillaris perfusion was binarized, 
using an automated technique that retains flow voids 
exceeding the intercapillary distance [23]. We extracted 
the global proportion of flow deficits per en face image, 
as well as their number and average size.

Statistical analysis
From each participant, one study eye was selected for 
study inclusion, following a consistent algorithm across 
participants. Right eyes were preferred if both eyes were 
eligible as study eyes. In participants with GCA, eyes with 
a history of reporting ocular symptoms of GCA were 
preferred in the selection process. We analyzed the data 
using R, version 4.3.0 (R Core Team, Vienna, Austria). 
OCT and OCTA parameters between both groups were 
compared using linear regression models that included 
the OCT and OCTA variables as dependent variables, 
and the group membership (GCA or control participant) 
as independent variables, controlling for participants’ 
age. We also compared participants with a history of 
reporting ocular symptoms of GCA to controls in similar 
linear regression analyses (dependent variables: OCTA 
and OCTA biomarkers, independent variables: Ocu-
lar symptom score, age). To obtain the symptom score, 
we added 1 point for each GCA symptom (night sweat, 
unintentional weight loss, fatigue, coughing, headaches, 
jaw pain, jaw claudication, tongue burning, temporal 
touch sensitivity, visual symptoms), thus obtaining values 
between 0 and 10. All regression analyses were preceded 
by confirmation of normal distribution of residuals. We 
did not adjust the analyses for multiple comparisons due 
to the exploratory nature of our study. P-values < 0.05 
were considered statistically significant.

Ethical approval
The study was conducted in accordance with the Decla-
ration of Helsinki and received approval from the ethics 
committee of the University Hospital Bonn, Germany 
(reference number: 097/18). Written informed consent 
was obtained from every patient prior to inclusion in the 
study.

Results
Patient characteristics
We included 50 participants, 23 patients with GCA and 
27 controls. Among GCA patients, 14 individuals (60.9%) 
had concurrent polymyalgia rheumatica, while no poly-
myalgia rheumatica was present in the remaining 9 par-
ticipants. On average, GCA participants exhibited a mean 
CRP level of 67.3 ± 40.2  mg/l. In vascular ultrasound, 
a mean of 8.7 ± 2.8 vessels were classified pathological. 
The average GCA symptom score, as defined above, was 
4.0 ± 3.2. Seven GCA participants (30.4%) reported ocu-
lar symptoms that lacked structural ophthalmic mani-
festations of GCA such as AION. These individuals were 
included in a subgroup analysis described below.

Comparing GCA participants and healthy controls, 
gender distribution was balanced, with 52% female 
and 48% male participants in both groups. However, 
GCA participants were, on average, older than controls 
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(Table  1); therefore, all analyses were adjusted for age. 
The prevalence of relevant systemic conditions was quali-
tatively comparable between groups (Table 1).

The vessel density of the deep retinal capillaries on 
OCTA was significantly higher in individuals with GCA 
compared to controls, while controlling the analy-
sis for age. This effect was present both in analyses of 
OCTA scans centered at the macula and at the optic 

nerve (macula: β = 0.01, p = 0.027; peripapillary: β = 0.04, 
p = 0.004; Fig.  1). Similarly, the vessel diameter index 
was significantly higher in participants with GCA com-
pared to controls across these scan locations (macula: 
β = 69398, p = 0.017; peripapillary: β = 309862, p = 0.001). 
Vessel parameters of the superficial capillary plexus and 
the number and average size of choriocapillaris flow defi-
cits were not different between the groups (p ≥ 0.228). On 
OCT, subfield macular GCL volumes and thicknesses 
were not significantly different between GCA and con-
trol participants of our study (p ≥ 0.133 and 0.168, respec-
tively). Also, pRNFL thickness was not significantly 
different between the groups (p ≥ 0.160).

Figure 1 illustrates vessel densities measured using 
optical coherence tomography angiography in patients 
with giant cell arteritis and controls. Panel (a) shows the 
vessel densities of the macula, while panel (b) displays the 
vessel densities of the optic nerve head.

In a subgroup analysis, we compared the seven study 
participants with GCA and self-reported ocular symp-
toms to control participants. Of note, none of the partici-
pants in this analysis had an ophthalmic complication of 
GCA such as AION or retinal artery occlusion. Despite 
this, macular GCL volume and thickness in the outer 
superior subfield as well as the foveal GCL volume were 
significantly higher in participants with GCA compared 
to controls (β = 0.04, p = 0.020; β = 7.61, p = 0.016; and 
β = 0.01, p = 0.017, respectively). Also, pRNFL thickness 

Table 1 Participant characteristics
GCA
(n = 23)

Controls
(n = 27)

Age [years] 75.3 ± 8.8 68.1 ± 6.0
Sex Female (%)
 Male (%)

12 (52.2%)
11 (47.8%)

14 (51.9%)
13 (48.1%)

Medical history:
 Obesity (%) 2 (8.7) 9 (33.3)
 Hypertension (%) 14 (60.9) 10 (37.0)
 Diabetes (%) 3 (13) 0 (0)
 Atherosclerosis (%) 7 (30.4) 15 (55.6)
 Neurodegenerative conditions (%) 0 (0) 0 (0)
BCVA (study eye) [logMAR units] 0.83 ± 0.25 0.88 ± 0.20
Foveal GCL volume [mm³] 0.02 ± 0.01 0.01 ± 0.01
Global pRNFL thickness [µm] 94.5 ± 17.0 92.7 ± 6.3
Superficial retinal plexus macular vessel density 0.24 ± 0.05 0.24 ± 0.04
Deep retinal plexus macular vessel density 0.16 ± 0.02 0.15 ± 0.02
Parameters are presented as frequencies n (percentage) or mean ± standard 
deviation. Abbrv.: BCVA = best-corrected visual acuity; GCA = giant cell arteritis, 
GCL = ganglion cell layer, pRNFL = peripapillary retinal nerve fibre Layer

Fig. 1 Vessel Densities on Optical Coherence Tomography Angiography of the Macula and Optic Nerve. GCA = giant cell arteritis
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was significantly increased in GCA participants globally 
and in the temporal inferior subfield (β = 16.88, p = 0.001 
and β = 29.76, p = 0.04, respectively). Similarly to the over-
all results, vessel perfusion density and vessel diameter 
index of the deep retinal plexus on OCTA were signifi-
cantly higher in participants with GCA (macular scans: 
β = 0.02, p = 0.021; β = 85044, p = 0.016; optic nerve scans: 
β = 0.04, p = 0.044; β = 314979, p = 0.005).

Considering all 23 participants with GCA, OCT bio-
markers were significantly associated with a higher num-
ber of GCA symptoms in the symptom score. Specifically, 
we found the symptom score to be associated with macu-
lar GCL thickness in the inner and outer superior sub-
fields as well as the outer temporal subfields (β = 1.85, 
p = 0.024; β = 1.57, p = 0.018; β = 0.78, p = 0.043), with 
macular GCL volume in the outer nasal, superior and 
temporal subfields (β = 0.01, p = 0.041; β = 0.01, p = 0.023; 
β < 0.01, p = 0.035, respectively), and with pRNFL thick-
nesses globally as well as in the temporal inferior and 
nasal superior subfields (β = 3.87, p = 0.007; β = 5.36, 

p = 0.033; β = 6.67, p = 0.011) (Table 2). In contrast to this, 
none of the OCTA parameters showed significant asso-
ciations with the GCA symptom score (p ≥ 0.093).

Discussion
The results of our study highlight the potential utility of 
OCT and OCTA as imaging-based diagnostic biomark-
ers in newly diagnosed GCA patients. We found a pro-
nounced alteration of the outer retinal microperfusion in 
individuals with GCA, even in the absence of ophthalmic 
complications. In addition, the structure of the ganglion 
cell layer also exhibited changes in GCA patients with 
ocular symptoms, highlighting the need to better under-
stand pre-clinical stages of ocular involvement in GCA. 
Further, our study suggests that structural retinal changes 
in GCA are associated with the severity of GCA symp-
toms. Therefore, OCT and OCTA imaging biomarkers 
may be of diagnostic, monitoring, and prognostic value 
and therefore help preventing manifest ophthalmic com-
plications of GCA.

Our main finding at least partly contrasts a previous 
study investigating OCTA biomarkers in 16 individu-
als without ocular complications, which reported reti-
nal microperfusion changes limited to the peripapillary 
region but not observed in macular scans [24]. More-
over, our cohort exhibited increased vessel density in 
GCA patients compared to controls, differing from Van-
nozzi et al. findings where vessel density was reduced. 
An increase in capillary density was also reported in fel-
low eyes with arteritic AION in a published case series 
[16]. These conflicting results may reflect distinct stages 
of ocular involvement in GCA and compensatory micro-
circulatory mechanisms, such as myogenic compensation 
or the Ostroumov-Bayliss effect, which requires further 
evaluation in larger scale and longitudinal studies [25].

The above-mentioned study also reported reduced 
inferior subfield pRNFL thickness in GCA patients with-
out ocular involvement compared to controls, a finding 
not replicated in our cohort. However, it remains unclear 
whether this discrepancy could be attributed to age dif-
ferences, which only our study accounted for. Consid-
ering potential additional novel vessel biomarker on 
structural OCT images, a study investigating retinal ves-
sel reflectivity in a mixed cohort of GCA patients with 
and without ocular complications found alterations in 
retinal vessel reflectivity to be altered in participants with 
ocular complications of GCA, but not in patients with-
out GCA-related eye complications [15]. In summary, the 
results of our study and published results of OCT and 
OCTA imaging in new-onset GCA highlight the poten-
tial of ophthalmic imaging modalities in aiding the diag-
nosis and risk stratification in GCA patients.

Symptomatic eyes without GCA complications were 
structurally altered and had retinal microperfusion 

Table 2 Association between peripapillary retinal nerve fiber 
layer thickness as well as macular ganglion cell layer thickness 
and giant cell arteritis symptoms score (sum score of the 
presence of night sweat, unintentional weight loss, fatigue, 
coughing, headaches, jaw pain, jaw claudication, tongue 
burning, temporal touch sensitivity and visual symptoms) in the 
subset of 23 affected participants, controlled for age

β [95% CI] p-value
Global pRNFL thickness 3.87 [1.23; 6.51] 0.007
Subfield pRNFL thickness
 Temporal inferior
 Temporal
 Temporal superior
 Nasal superior
 Nasal
 Nasal inferior

5.36 [0.50; 10.22]
3.04 [-0.44; 6.53]
0.97 [-3.34; 5.28]
6.67 [1.81; 11.54]
3.56 [-0.02; 7.14]
4.70 [-2.71; 12.11]

0.033
0.082
0.637
0.011
0.051
0.195

Subfield macular GCL thickness
 Inner inferior
 Inner nasal
 Inner superior
 Inner temporal
 Outer inferior
 Outer nasal
 Outer superior
 Outer temporal

1.10 [-0.15; 2.35]
1.19 [-0.39; 2.76]
1.85 [0.27; 3.43]
1.05 [-0.73; 2.83]
0.46 [-0.49; 1.40]
0.84 [-0.06; 1.74]
1.57 [0.31; 2.84]
0.78 [0.03; 1.54]

0.080
0.131
0.024
0.232
0.322
0.065
0.018
0.043

Subfield macular GCL volume
 Inner inferior
 Inner nasal
 Inner superior
 Inner temporal
 Outer inferior
 Outer nasal
 Outer superior
 Outer temporal

< 0.01 [<-0.01; <0.01]
< 0.01 [<-0.01; 0.01]
< 0.01 [<-0.01; <0.01]
< 0.01 [<-0.01; <0.01]
< 0.01 [<-0.01; 0.01]
< 0.01 [< 0.01; 0.01]
< 0.01 [< 0.01; 0.01]
< 0.01 [< 0.01; 0.01]

0.128
0.208
0.056
0.471
0.380
0.041
0.023
0.035

CI, confidence interval; GCL, ganglion cell layer; pRNFL, peripapillary retinal 
nerve fiber layer

Analyses are controlled for age to account for its potential confounding effect
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changes across the posterior pole in our cohort. This 
finding suggests that imaging biomarkers could be asso-
ciated with early ocular involvement in GCA, since struc-
tural thickening is a possible result of ischemia [26]. In 
this context, the temporal relationship between perfu-
sion changes and structural changes in the inner retina 
remain to be addressed in further detail. On a patho-
physiological basis, AION is caused by occlusion of the 
short posterior ciliary arteries supplying the optic nerve 
head, leading to ischemia in the optic nerve’s laminar and 
prelaminar regions, sectoral retinal opacification, and 
optic disc edema. These pathological changes result in 
thickening of the inner retinal nerve fiber and ganglion 
cell layers, followed by irreversible loss of inner retinal 
structure [27–29]. The pronounced OCTA and structural 
OCT biomarker changes in symptomatic eyes without 
AION are in line with our published findings on ocu-
lar ultrasound in GCA patients, where the peak systolic 
flow in the central retinal artery was significantly differ-
ent in symptomatic eyes of GCA patients from controls 
[13, 30]. Up to 70% of GCA patients report visual symp-
toms [31] but the prognostic value of these symptoms 
remain largely unknown and unspecific. Thus, our study 
adds to the literature that OCT and OCTA may provide 
early biomarkers of ocular involvement in GCA for the 
prevention of complications causing visual impairment in 
patients with GCA.

Comparing systemic and ophthalmological manifes-
tations of GCA, structural thickening of the GCL and 
pRNFL correlated with the number of general GCA 
symptoms. This aligns with recent research indicating an 
association between extracranial and intracranial mani-
festations of GCA [13]. Therefore, our study highlights 
the potential of OCT and OCTA in disease monitoring 
and as endpoints in clinical trials. In this context, oph-
thalmic imaging modalities offer the unique advantage 
of assessing tissues perfused by different branches of the 
ophthalmic artery, such as the long ciliary and central 
retinal arteries [31]. Future studies incorporating macro- 
and microcirculatory imaging should explore the inter-
play between these vascular pathways and their temporal 
changes.

The strengths of our study include the rigorous exami-
nation of study participants which allowed us to exclude 
relevant comorbidities affecting ophthalmic imaging, 
the use of a highly reproducible diagnostic algorithm to 
confirm the presence of GCA, the availability of a broad 
spectrum of clinical data (including patient-reported 
data on visual symptoms). Our study adds to previous 
findings in the same cohort [30], which suggested that 
OCTA parameters of the retinal vasculature and ultra-
sound parameters of the central retinal artery are com-
plementary assessments that cannot replace one another. 
Our study is limited by its exploratory nature due to 

which we did not correct our analyses for multiple test-
ing and the presence of potential confounders beyond 
age (e.g. presence of diabetes and hypertension). How-
ever, the main results in the overall cohort were repro-
ducible between scans located at the fovea and the optic 
disc. Another limitation is the sample size of our study. 
Nonetheless, our analyses add considerable value to the 
literature given the few published results on ocular imag-
ing in GCA. Finally, the distributions between the GCA 
and control cohorts were not perfectly balanced and the 
GCA group was older than the control group. We thus 
controlled for age in the primary endpoint analyses of 
our study. Furthermore, statistical testing suggested that 
obesity was more prevalent in the GCA cohort, which 
may have impacted the results of our study, while none 
of the observed differences in the prevalence of other 
conditions differed significantly between the groups 
(Supplementary Table 1). The lack of longitudinal follow-
up precludes conclusions about the risk of symptomatic 
GCA patients developing AION or arterial occlusions, 
which should be addressed in future studies.

In conclusion, our study underscores the potential of 
OCTA biomarkers (deep retinal layer VD and VDI) as 
well as structural OCT biomarkers (GCL and pRNFL) 
for diagnosing ocular involvement in GCA. Pending fur-
ther independent evaluation of the biomarkers’ predic-
tive power, ophthalmic imaging could become useful for 
guiding personalized treatments to reduce the visual bur-
den of GCA.
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