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Abstract: Giant-cell arteritis (GCA) is a visually devastating disease that often progresses to
severe bilateral vision loss if untreated. Diagnosis of GCA is made challenging by the protean
nature of the disease and the lack of a simple test that is both highly sensitive and specific.
Choroidal filling delay on fluorescein angiography (FA) has been touted as a highly characteristic
feature of GCA-related vision loss, although knowledge of both the sensitivity and specificity of
this finding remains unproven. We report our experience of delayed choroidal filling on FA in
a series of seven patients referred to an academic neuro-ophthalmology practice due to concern
for GCA. Despite the FA findings, our examination, diagnostic testing, and long-term follow-up
excluded the diagnosis of GCA in all cases, suggesting that choroidal perfusion abnormalities
may occur in the absence of GCA. When evaluating a patient for acute vision loss, the astute
clinician must remain cognizant of the limitations of FA in the diagnosis of GCA.
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Introduction

Giant-cell arteritis (GCA), also termed temporal arteritis, is the most common primary
form of vasculitis.! Presenting predominately in Caucasian patients, GCA shows a
predilection for women, with a female:male ratio of 2:1.> GCA occurs almost exclu-
sively in patients older than 50 years, and its incidence increases with age: incidence
in the sixth decade of life is 10.6 per 100,000, rising to 44.6 per 100,000 after the age
of 80 years.? Vision loss in GCA is common and often severe.

Anterior ischemic optic neuropathy is a common cause of acute optic neuropathy,
and the majority of cases represent nonarteritic anterior ischemic optic neuropathy
(NAION) unrelated to GCA. Arteritic anterior ION (AAION) is the cause of GCA-
related vision loss in 78%—99% of cases.** While GCA-related AAION from vascu-
litic occlusion of the posterior ciliary arteries (PCAs) represents a small proportion
of these cases, it is considered an ophthalmic emergency and must be distinguished
quickly from its more benign counterpart — NAION. If unilateral ION from GCA goes
untreated, fellow-eye involvement is common. Furthermore, untreated GCA may lead
to serious cardiovascular, neurological, and gastrointestinal comorbidities.>” Prompt
diagnosis and treatment with corticosteroids are essential for halting progression of
vision loss and avoiding systemic vasculitic sequelae.

Many factors contribute to the clinical challenge of differentiating between NAION
and AAION, including occult cases of GCA lacking systemic symptoms, the limited
specificity of serum acute-phase reactants (eg, erythrocyte-sedimentation rate [ESR]
and CRP), and the inability of a negative temporal artery biopsy to exclude GCA defini-
tively. Delayed or incomplete choroidal perfusion on fluorescein angiography (FA)
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has been reported as a highly suggestive indicator of active
or impending AAION from GCA.>3!! The specificity of
choroidal filling delay for the diagnosis of GCA in patients
presenting with transient or permanent vision loss, however,
remains unclear.

We report our experience of delayed choroidal filling
on FA in a series of seven patients referred to an academic
neuro-ophthalmology practice due to concern for GCA.
Despite the FA findings, our examination, diagnostic testing,
and long-term follow-up excluded the diagnosis of GCA in
all cases, suggesting that choroidal perfusion abnormalities
may occur in the absence of GCA.

Patients and methods

The charts of two academic neuro-ophthalmology practices
were reviewed from January 2008 to January 2014. The Insti-
tutional Review Board of Washington University School of
Medicine approved this study and formal patient consent was
not sought considering it was a low-risk retrospective chart
review using de-identified data. For inclusion in this study,
patients demonstrated delayed, patchy choroidal filling on
FA and underwent evaluation for GCA but were ultimately
found to have an alternative diagnosis. History, clinical
exam findings, acute-phase reactant results, neuroimaging,
duration of follow-up, and temporal artery biopsies were
examined. FA was performed on all patients within 10 days
of symptom onset.

Retrospective independent review of the FA images by
two authors was performed to determine the time to first
choroidal filling and complete choroidal filling. Filling times
were recorded as the average of the time at which the finding
was first observed on FA with the time of the preceding frame.
Any disparity between reviewers on these times was discussed
until a consensus had been reached. The choroidal perfusion
time, defined as the time from the first appearance of fluo-
rescein in the choroid to complete filling of the choroid, was
calculated. A summary of all seven cases is shown in Table 1,
and we report two representative cases in more detail.

Table | Summary of cases

Case report |
A 55-year-old otherwise-healthy Caucasian man presented
with 2 weeks of recurrent transient monocular vision-loss
episodes in the left eye. He reported 16—18 episodes of
generalized visual field constriction, with occasional pho-
topsias progressing to near-complete visual loss, followed by
a return to normal over 2 minutes. The patient denied head-
ache, jaw claudication, scalp tenderness, fever, arthralgia,
myalgia, and weight loss. Magnetic resonance imaging (MRI)
of the brain and orbits with and without gadolinium, MR
angiography of the head and neck, transthoracic echocardiog-
raphy, electrocardiography, and carotid duplex studies were
unremarkable. ESR was moderately elevated (60 mm/h).
Visual acuity was 20/20 in both eyes. Pupils were isocoric,
briskly responsive to light, and did not demonstrate an afferent
pupillary defect. Ophthalmoscopy demonstrated a cup:disk
ratio of 0.75 in both eyes without edema or pallor and an
otherwise normal fundus bilaterally. FA with transit images
in the left eye showed a delay to initial filling (30.89 seconds),
followed by prolonged patchy filling until 54.7 seconds (Figure
1). Calculated choroidal perfusion time was 23.81 seconds.
Oral prednisone (1 mg/kg daily) was started, and bilateral
temporal artery biopsies were obtained within 1 week. Both
biopsies were negative, and the patient was tapered off of
oral prednisone quickly. On exam 6 weeks later, there was no
change in visual acuity or the structural eye exam. A repeat
FA showed normal, complete choroidal filling at 24 seconds
in the left eye. The patient was diagnosed with idiopathic
choroidal vasculopathy and remains asymptomatic, with no
further episodes of vision loss on 4-year follow-up.

Case report 2

A 62-year-old Caucasian man with a history of non-insulin-
dependent diabetes, hypertension, and coronary artery
disease presented with acute vision loss in the left eye upon
awakening. He reported an associated left frontal headache
without jaw claudication, temple tenderness, or polymyalgia
rheumatica symptoms.

Case Sex Age ESR CRP TAB Final diagnosis Follow-up First choroid Complete choroid Choroidal perfusion
(months) filling (seconds) filling (seconds) time (seconds)

| M 55 60 NA Neg Choroidal vasculopathy 57.5 30.89 54.7 2381

2 M 6 2 <3 Neg NAION 12 17.05 725 55.45

3 M 6l 16 248 NA NAION 6.97 13 21.95 8.95

4 M 8 72 275 Neg NAION, perioperative 7.8 11.85 30.2 18.35

5 M 50 7 .7 NA  NAION, perioperative  9.97 10.55 18.4 7.85

6 F 72 9 1.8 Neg NAION, sequential 12.1 9.95 21.25 1.3

7 F 75 12 I.4  Neg Migraine with visual aura 11.97 18.15 28.45 10.3

Average 66.14 16.90 15.92 35.35 19.43

Abbreviations: ESR, erythrocyte-sedimentation rate; NA, not applicable; TAB, temporal artery biopsy; CRP, c-reactive protein; NAION, nonarteritic anterior ischemic

optic neuropathy.
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Figure | Case | transit fluorescein angiography images, left eye.

Notes: Patchy choroidal perfusion seen upon initial choroidal filling (A) at 30.89 seconds and persisting at 43.5 seconds (B). White asterisks highlight the demarcation line
between normal choroidal filling nasally and patchy or absent choroidal filling temporally. Complete choroidal filling was achieved at 54.7 seconds (C). Calculated choroidal

perfusion time was 23.81 seconds.

The referring provider exam showed that visual acuity
was 20/20 in both eyes with a left afferent pupillary defect.
Dilated fundus exam was remarkable for a normal right
optic nerve with a cup:disk ratio of 0.25 and trace diffuse
left optic disk swelling. Laboratory workup, including ESR
(2 mm/h) and CRP (3 mg/L), was normal. The next day, the

Figure 2 Case 2 transit fluorescein angiography images, left eye.

patient returned for FA, which showed prominent choroidal
filling delay of the nasal choroid (Figure 2). The calculated
choroidal perfusion time was 55.45 seconds.

Over several days, the patient reported worsening of left
frontal headaches and left-eye vision to the level of hand
motion only. The left optic nerve showed moderate diffuse

B

Notes: Delayed nasal choroidal filling at 30 seconds (A) and complete filling at 72.5 seconds (B). White asterisks highlight the demarcation line between normal choroidal
filling temporally and patchy or absent choroidal filling nasally. Calculated choroidal perfusion time was 55.45 seconds.
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swelling with inferior peripapillary splinter hemorrhages.
He was prescribed prednisone 80 mg daily and underwent a
negative left temporal artery biopsy. MRI of the brain and
orbits with and without gadolinium was remarkable only for
an incidental 1.2x1 c¢m pituitary adenoma without compres-
sion of the anterior visual pathways. Two weeks later, visual
acuity was stable in both eyes, headaches had resolved, and
the left optic disk showed mild residual edema and early
pallor. The patient was diagnosed with NAION. Twelve
months later, the patient’s vision remained stable, and he
denied new vision changes or GCA symptoms.

Results

Upon chart review, seven patients (five men and two
women, mean age 66.14 years) referred to an academic
neuro-ophthalmology practice for possible GCA met study-
inclusion criteria. Pertinent demographic information,
diagnostic testing, final diagnosis, and FA filling times are
displayed in Table 1. Three of seven patients had at least
one eclevated acute-phase reactant. Five of seven patients
underwent unilateral or bilateral negative temporal artery
biopsy. The mean time to first choroidal filling and complete
choroidal filling was 15.92 (range 9.95-30.89) seconds
and 35.35 (18.4-72.5) seconds, respectively. The mean
choroidal perfusion time (interval from first to complete
choroidal filling) was 19.43 (7.85-55.45) seconds. Five
of seven patients were diagnosed with NAION, of which
two occurred in the perioperative setting. One patient was
diagnosed with migraine with visual aura and another with
idiopathic choroidal vasculopathy. Mean follow-up time was
16.9 (7.8-57.5) months, with no new vision loss or symptom
progression at final follow-up.

Discussion

AAION from GCA is approximately 20 times less common
than NAION.!? Failure to establish a prompt diagnosis and
initiate treatment with corticosteroids in unilateral AAION
portends a poor visual prognosis for both eyes. Vision loss
is bilateral simultaneous at presentation in an estimated
20%—62% of patients. Unilateral vision loss progresses to
bilateral in up to 75% of untreated patients.'* Furthermore,
systemic large-vessel cardiovascular morbidity in GCA due to
aortic aneurysm, aortic dissection, cervical artery stenosis, and
other sequelae has been reported in 27% of patients.” Despite
attempts to formulate an algorithmic approach to the diag-
nosis, the protean presentations and inherent shortcomings
of testing for GCA can make it challenging for the clinician
to recognize.'* Prior reports of prominent delayed choroidal

filling in GCA suggest it is a useful diagnostic tool; however,
the specificity for these findings remains unknown.

In normal individuals, intravenous fluorescein dye reaches
the choroid via the ophthalmic artery, which gives rise to two
to three main PCAs that subsequently subdivide into numer-
ous short PCAs (SPCAs) supplying the optic nerve head and
the choroid. Following injection of dye, choroidal filling in
adolescents begins to occur at 8—12 seconds, while in older
patients there may be a physiologic delay, with initial filling
at 12—15 seconds.”” While it may precede choroidal filling,
the central retinal artery usually begins filling approximately
1-3 seconds after dye is first seen in the choroid.'* Early chor-
oidal filling in normal patients is often irregular and patchy,
potentially due to the varying lengths of SPCAs supplying
adjacent lobules.!® Terms defining choroidal perfusion in the
literature may vary. The interval from the first appearance of
dye in the retina or choroid to complete filling of all choroidal
lobules has been termed by at least one author as the “choroi-
dal filling time”, while the interval between initial choroidal
filling (regardless of retinal filling) and complete choroidal
filling has been termed the “choroidal perfusion time”.!%:16
Considering retinal vascular filling usually follows choroidal
filling, “choroidal filling time” and ““choroidal perfusion time”
are effectively the same in most patients. Normal physiologic
choroidal filling time among controls (mean age 60 years)
is 5.8+1.9 seconds and choroidal perfusion time (mean age
64.6 years) 5.0312.81 seconds.!*!¢

In GCA-related AAION, localized thrombosis of the
PCAs or more distal SPCAs results in choroidal perfusion
delay or infarction of their respective vascular distributions.
A watershed zone exists between the end-artery vascular
territory of the medial and lateral PCAs, resulting in highly
variable patterns of choroidal nonperfusion in GCA. When
hypoperfusion involves the choroidal branches supplying
the optic nerve head and meets a critical cytotoxic threshold,
AAION occurs. Choroidal filling delay is a well-established
indicator of GCA in the literature.>'"'” Nevertheless, relatively
few studies have defined what degree of choroidal perfusion
delay strongly suggests GCA over alternative diagnoses.

Mack et al examined the FA of eleven patients with
AAION due to biopsy-confirmed GCA and found the average
choroidal filling time in this group was 69 (16—120) seconds
versus 5.5 (0—13.4) seconds in the NAION group (P<<0.001).1
In this study, a choroidal filling time of greater than
15-20 seconds appeared a highly suggestive indicator of
the diagnosis of AAION, as opposed to NAION.!® Simi-
larly to Mack et al, Arnold and Hepler found no statistical
difference between choroidal perfusion time in 41 NAION
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patients (7.1£7.97 [0—48.1] seconds) compared to 43 age-
matched control patients (5.03+2.81 [0-12.6] seconds).'*
Siatkowski et al compared FA characteristics of 16 patients
with AAION due to biopsy-confirmed GCA to 16 patients with
NAION. They found the mean choroidal filling time delay in
AAION (29.7£16.9 [14-86] seconds) to be markedly longer
and statistically significant compared to NAION (12.9+3.1
[7-18.8] seconds).’ Finally, Valmaggia et al prospectively
compared FA and indocyanine green angiography in the
diagnosis of AAION (n=5) compared to NAION (n=17).8
The time from dye injection to complete choroidal filling was
found to be markedly longer in AAION (39.84+22.2 [10.6—70]
seconds) than NAION (18.5+5 [10.2-25] seconds).?

In our study, seven patients referred due to concern for GCA
demonstrated patchy choroidal filling on FA, despite having
alternative diagnoses (Table 1). The mean choroidal perfusion
time in our patients (19.43 [7.85-55.45] seconds) was markedly
delayed compared to published normals (5.03—5.08 seconds).'%1¢
Among our five patients with NAION, the mean choroidal
perfusion time (20.38 [7.85-55.45] seconds) was prolonged
compared to previously published choroidal filling times
among NAION patients (7.1£7.97 [0-48.1] seconds).'
A review of prior studies, including Siatkowski et al and
Valmaggia et al, shows that despite a statistically signifi-
cant difference in the mean choroidal filling times between
AAION in GCA and NAION, there was considerable overlap
in the range of choroidal filling times exhibited in the two
groups.®® This overlap exemplifies that while FA may be a
helpful tool, it remains imperfect in its ability to distinguish
GCA-related AAION from NAION. Indeed, in our five cases
of NAION, all but case 2 had choroidal perfusion times that
would have fallen within the range of NAION perfusion times
reported by Siatkowski et al and Valmaggia et al.** Most
noteworthy from our series, patients 1 and 2 had markedly
prolonged choroidal perfusion times that (based upon prior
literature) would have been strongly indicative of GCA.>!
These two cases demonstrate that markedly delayed choroidal
filling can occur in the absence of GCA among patients being
evaluated for the disease. Our study was limited by its small
sample size, wide variability in presenting clinical features
among patients, and the lack of an established gold standard
in medicine for ruling out GCA.

Delayed choroidal perfusion is not specific for GCA and
can be seen in multiple other diagnoses. Ipsilateral high-grade
stenosis of the internal carotid artery can manifest in markedly
delayed perfusion through the PCAs, with resultant choroidal
perfusion delay or infarction. Most cases of carotid steno-
sis will have other sequelae of ocular ischemia syndrome,

including mid-peripheral retinal hemorrhages, dilated
retinal veins, retinal neovascularization, or anterior-segment
ischemia.'® Severe hypertension, regardless of etiology (eg,
essential, toxemia of pregnancy, thrombocytopenic purpura,
diffuse intravascular coagulation, renal failure), can result in
focal ischemic infarcts of the choroid, referred to by some
as Elschnig spots. Patients with high blood pressure-related
choroidal perfusion abnormalities typically demonstrate
additional hypertensive retinal findings.'*2! In hypertensive
serous retinal detachment, choroidal hypoperfusion on FA
often underlies the detachment, suggesting that choroidal
ischemia and resultant retinal pigment epithelium edema
may cause the detachment.' While a rare cause of choroidal
ischemia compared to GCA, granulomatosis with polyangii-
tis (formerly termed Wegener’s granulomatosis) has been
reported to cause choroidal ischemia.?>*? Biopsy-supported
varicella zoster vasculopathy has also been reported to
affect PCAs, with FA findings of choroidal hypoperfusion.?
Patients with hemoglobinopathies, such as sickle-cell disease
and sickle-cell thalassemia variants, can experience choroidal
infarction following photocoagulation treatment.?

Conclusion

Similarly to other imperfect tests for GCA, delayed choroidal
filling on FA is suggestive but not completely specific for the
disease. In the correct clinical context, an interval greater than
15-20 seconds from initial to complete choroidal filling is
supportive of a diagnosis of GCA. Our series highlights that
choroidal filling delay in older patients presenting with acute
vision loss in the absence of GCA is not rare; furthermore,
even massively delayed choroidal filling is not diagnostic of
GCA. When evaluating a patient for acute vision loss, the
astute clinician must remain cognizant of the limitations of
FA in the diagnosis of GCA.
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