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Abstract
Purpose  To describe the development and outcome of mid-phase pinpoint hyperfluorescent spots (MPHS) on 
fundus fluorescein angiography (FFA) in acute (< 7-day symptom onset) central retinal artery occlusion (CRAO) 
patients.

Methods  This retrospective study included acute CRAO patients who underwent multimodal imaging utilizing 
optical coherence tomography (OCT) and FFA between June 2017 and January 2023. The correlation of FFA images 
with the OCT images in various stages and severity of CRAO were studied.

Results  Twenty-three FFA studies on 23 patients with acute CRAO were included. In 11 (48%) cases, an important 
finding noted on FFA was the presence of single or multiple MPHS with adjacent minimal late vascular leakage. Of 
these 11 cases, eight (73%) were males and median age was 41 years (inter quartile range: 33–55 years). Visual acuity 
ranged from ‘light perception’ to 6/18, and these patients presented anytime on the same day to seven days after 
symptom onset. On OCT, three eyes had severe CRAO, seven eyes had moderate CRAO, and one eye had mild CRAO. 
MPHS were primarily observed at the posterior pole and more frequently observed in moderate CRAO severity. 
During follow-up, the MPHS and retinal vessel staining on FFA disappeared as the CRAO showed signs of resolution.

Conclusion  MPHS at the posterior pole on FFA in acute CRAO patients could indicate a more severe occlusion 
and poor visual outcomes, even after treatment. This finding is most likely caused by red blood cell aggregation or 
rouleaux formation.

Trial registration number  Not applicable.
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Introduction
A clinical diagnosis of CRAO is based on typical patient 
symptoms such as sudden onset painless vision loss, 
fundus findings such as extensive retinal whitening and 
cherry red spot, retinal vessel attenuation, and preser-
vation of optic nerve head perfusion, and OCT char-
acteristics such as inner retinal layer opacification and 
thickening [1]. In routine clinical practice, fundus fluo-
rescein angiography (FFA) is still underutilized by many 
retina specialists for acute CRAO. Gong et al. examined 
the relationship between central visual impairment and 
the characteristics of FFA in patients with CRAO and 
identified three angiographic patterns, namely poor per-
fusion, exudative, and mixed, based on the arm-retina 
time and retinal vessel and optic disc leakage [2]. The 
damage to vision caused by the exudative type of CRAO 
was less severe than that caused by the poor perfusion 
and mixed types.

In our limited experience with FFA in acute CRAO 
cases, we observed in the middle phase of the angiogram, 
pinpoint hyperfluorescent spots primarily at the poste-
rior pole, along with subtle late vascular leakage. There 
is limited literature on these hyperfluorescent pinpoint 
spots. To learn more about hyperfluorescent spots on 
FFA and its association with the severity of CRAO and 
visual prognosis, we aimed to examine the FFA findings 
in patients with acute CRAO and a symptom onset dura-
tion of less than 7 days. In addition, this study seeks to 
determine the etiopathogenesis of this imaging finding 
observed on FFA in acute CRAO.

Methods
In this study, we retrospectively reviewed the medical 
records of patients who were clinically diagnosed with 
acute CRAO with a symptom onset duration of less than 
7 days. Acute occlusion of the central retinal artery was 
defined as a recent history of sudden, painless vision 
loss accompanied by retinal thickening and whitening, 
retinal vessel attenuation, and a cherry-red spot in the 
macula. Patients who visited the retina clinic between 
June 2017 and January 2023 were included in the study. 
In addition, only patients who had undergone an inva-
sive fundus fluorescein angiography and OCT imaging 
were included in the subsequent analysis. In a case of 
acute CRAO, a FFA was performed at the discretion of 
the clinician in order to document the arm-retina time 
and thus estimate the location and severity of occlusion 
and final visual outcome. In addition, it was performed to 
rule out partial or total ophthalmic artery occlusion. The 
clinician considered repeat FFA primarily when the OCT 
findings worsened or to examine the changes in the pre-
vious FFA findings. The local Institutional Review Board/
Ethics Committee approved the research because it 
adhered to the Declaration of Helsinki’s principles. Prior 

to the procedures, separate informed patient consent was 
obtained for invasive retinal imaging with FFA.

Demographics, associated systemic history, corrected 
distance visual acuity and time interval between onset of 
symptoms and presentation to clinic were all recorded 
during the presentation and follow-up visits. Clinical fea-
tures were documented using the Optos Optomap Day-
tona Panoramic 200Tx (Daytona, Optos®, UK) or Topcon 
TRC-50Dx (Topcon Medical Systems Inc, Oakland, NJ, 
USA) machines, and OCT was performed using the spec-
tral domain Spectralis (Heidelberg Engineering, Heidel-
berg, Germany). The cSLO-based Spectralis machine was 
also used for FFA imaging. All patients had a complete 
hemogram, random blood sugar for diabetes, blood pres-
sure check-up, lipid profile, serum homocysteine lev-
els, carotid doppler ultrasound, cardiac evaluation, and 
stroke work-up.

Macular volumetric assessments were performed using 
512 A-scans per line with a 30° scanning area and 25-line 
horizontal raster scans centered on the fovea. In addi-
tion, each eye obtained a 12-line foveal-centered radial 
scan. The presence of inner retinal layer hyperreflectiv-
ity, inner retinal layer thickening and loss of individual 
inner retinal layer stratification, presence of cystoid 
macular edema, and neurosensory detachment were all 
observed on OCT. The severity of acute CRAO was clas-
sified based on OCT findings into mild, moderate, and 
severe occlusion [3]. The early angiography images were 
evaluated for the presence of the cilioretinal artery and 
for documenting the arm-retina time and in the middle 
phase to identify the pinpoint hyperfluorescent spots at 
the posterior pole. Further comparisons were conducted 
between the two groups of eyes: (A) eyes that displayed 
pinpoint hyperfluorescent spots in the middle phase of 
the fluorescein angiogram; and (B) eyes that did not dis-
play such spots.

Statistical tests
All data were analysed using GraphPad Prism ver-
sion 9.5.0 (730) for Windows, GraphPad Software, San 
Diego, California USA, www.graphpad.com. Only statis-
tical tests related to the analysis of non-parametric data 
were used in this study. Quantitative data between the 2 
groups of cases were analysed using the Mann-Whitney 
U test. Chi-square test was used to compare the categori-
cal data between 2 groups. P values < 0.05 were consid-
ered statistically significant.

Results
This retrospective study identified 48 eyes in 48 cases 
of acute CRAO with a symptom onset duration of less 
than seven days. In 23 (48%) of the 48 cases with acute 
CRAO, fluorescein angiography information was avail-
able. Eleven (48%) of the 23 eyes with acute CRAO 

http://www.graphpad.com
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demonstrated the presence of single or multiple, pin-
point hyperfluorescent spots in the mid-phase of the 
angiogram. We shall henceforth refer to them as mid-
phase pinpoint hyperfluorescent spots or MPHS. Table 1 
compares the patient and ocular characteristics between 
CRAO eyes showing the MPHS and those not showing 
them. There were no significant differences in the patient 
and ocular characteristics between the two groups of 
cases in terms of age, gender, presence of cilioretinal 
artery, severity of CRAO and arm-retina time.

Further, we analysed in detail 15 FFA image sets from 
11 cases of acute CRAO with MPHS. Only these 11 
acute CRAO patients with MPHS were included in sub-
sequent demographic and ocular data reporting. Eight 

(73%) males and three (27%) females participated in the 

study. In 8 (73%) cases, the right eye was affected, and in 
3 (27%) cases, the left eye was affected. The median age of 
the patients was 41 years, and the interquartile range was 
33 to 55 years. 82% (n = 9) of patients with CRAO had at 
least one associated systemic condition, such as diabetes 
mellitus, valvular heart disease, hypertension, internal 
carotid artery occlusion, stroke, or hyperhomocystein-
emia. Visual acuity ranged from ‘light perception’ to 6/18, 
and patients presented to the clinic anytime from the 
same day to seven days after the onset of symptoms. No 
patient had a significant refractive error, and the anterior 
segment of all 11 patients was unremarkable. In these 
cases, FFA was performed on the same day or within 
two days of presentation to the retina clinic. All the 11 

eyes with MPHS showed adjacent minimal late vascular 

Table 1  Comparisons in the patient and ocular characteristics in acute CRAO eyes between those not demonstrating and those 
demonstrating the mid-phase pinpoint hyperfluorescent spots on FFA at presentation

CRAO eyes without MPHS
(n = 12)

CRAO eyes with MPHS
(n = 11)

P value

Age (Median, IQR) [years] 52.5 (48–70.5) 41 (33–55) 0.062

Gender (Males) (n, %) 9 (75) 8 (73) > 0.999

Visual acuity range LP negative – 6/60 LP positive – 6/18

Duration of symptoms (days) 5.583 ± 1.775 2.182 ± 1.093 0.075

Presence of cilioretinal artery (n, %) 6 (50) 5 (45) > 0.999

Mild CRAO (n, %) 3 (25) 1 (9) 0.59

Moderate CRAO (n, %) 4 (33) 7 (64) 0.22

Severe CRAO (n, %) 5 (42) 3 (27) 0.67

ART (seconds) 29.96 ± 11.06 21.76 ± 9.25 0.062
Abbreviations: CRAO – central retinal artery occlusion; FFA – fundus fluorescein angiography; MPHS – mid-phase pinpoint hyperfluorescent spots; LP – light 
perception; IQR – interquartile range; ART – arm-retina time

Fig. 1  Fundus fluorescein angiography (FFA) and optical coherence tomography (OCT) features of case 4: A 37-year-old female with a history of valvular 
heart disease presented to the retina clinic with sudden vision loss in the right eye over the course of the last few hours. Her right eye presented with light 
perception vision. On the day of presentation, an OCT scan of the right eye revealed moderate severity of CRAO, cystoid macular edema, and a small sub-
foveal pocket of neurosensory detachment. On the same day, FFA was performed, revealing the presence of a patent cilioretinal artery and an arm-retina 
time of 14.9 s. Multiple hyperfluorescent pinpoint spots were identified in the FFA’s middle phase. They were associated with minimal vascular leakage 
and staining in the final phase of the FFA (A-E). Thirteen days later, OCT and FFA imaging of the retina was repeated. The OCT scan revealed thinning of the 
inner retinal layers, resolution of the cystoid macular edema, and neurosensory detachment. During this imaging session, the hyperfluorescent pinpoint 
spots observed in the previous FFA images had disappeared (F-J).
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leakage on FFA. Based on OCT classification, three eyes 
had severe CRAO, seven eyes had moderate CRAO, and 
one eye had mild CRAO. One patient (case 4) presented 
with cystoid macular edema and neurosensory detach-
ment, while another patient (case 3) exhibited only a 
small subfoveal pocket of subretinal fluid. Table  2 pro-
vides a summary of the demographic and clinical char-
acteristics of all eleven cases on the day of presentation.

FFA was repeated in three cases (cases 4, 5, and 10) 
during subsequent follow-up visits. The purpose of 
repeating the angiographies was to compare the FFA 
image changes with the findings from the previous visit 
and to correlate them with the OCT image changes as 
well. Within two weeks, the second round of angiog-
raphies were performed on all three patients. In two of 
the three cases, the MPHS seen on the initial angiogra-
phies had disappeared (case 4 and 10) (Fig.  1). In case 
5, the MPHS were still visible, and the OCT performed 
on the same day revealed a progression from moderate 
to severe CRAO severity. Thirty days after the initial pre-
sentation, FFA was repeated for the third time on this 
patient. This time, the MPHS were absent (Fig. 2). At the 
time of MPHS resolution, OCT scans of all three cases 
revealed an atrophy of the inner retinal layers. Last visit 
visual acuity ranged from “counting fingers close to face” 
to 6/6, and follow-up duration ranged from one month to 
six months.

Discussion
This study describes the presence of a peculiar FFA 
finding of MPHS in the eyes of patients with acute 
CRAO. To the best of our knowledge, no previous lit-
erature reports have documented or described this 
finding. The typical characteristics of these MPHS 
are their location predominantly at the posterior pole, 
their prevalence in moderate to severe grades of acute 
CRAO, and their emergence during the middle phase 
of the fluorescein angiogram with late staining and 
subtle adjacent perivascular leakage. These MPHS per-
sist until the severity of occlusion exist and disappear 
in the resolving stages of CRAO. There are no signifi-
cant relationships between the presence of MPHS and 
age of presentation, symptom duration, CRAO severity 
or arm-retina time delay.

In the case of an ophthalmic emergency, such as 
acute CRAO, the primary goal of treatment is to 
quickly relieve the obstruction and restore retinal 
perfusion. As a result of its invasive nature and lim-
ited ability to influence the treatment decision, FFA 
is a relatively uncommon imaging technique in clini-
cal practice. Consequently, retinal imaging findings 
with FFA in acute CRAO are rarely described in the 
scientific literature. This could be the primary reason 
why MPHS on FFA in acute CRAO cases have yet to Ta
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be described in the literature. Gong et al. identified 
three types of CRAO patterns on FFA, including poor 
perfusion, exudation, and mixed patterns, based on the 
arm-retina time and retinal vascular leakage [2]. These 
findings have demonstrated significant advantages for 
predicting the visual prognosis of CRAO patients.

The occurrence of multiple hyperfluorescent spots 
at the posterior pole beginning in the middle phase 
of the angiogram and extending until the late phase 
of the acute stages was an interesting and significant 
finding in the current series. The exact nature of these 
MPHS is unknown. One may consider them to be true 
emboli (fibrin-platelet or cholesterol) released from 
the thrombus responsible for the obstruction of the 
retinal artery. This may be unlikely, however, in the 
absence of non-perfusion distal to these hyperfluores-
cent spots. Red blood cell (RBC) aggregates in the reti-
nal circulation is a possible alternative explanation for 
these hyperfluorescent spots. In the aftermath of an 

acute occlusion of the central retinal artery, blood flow 
distal to the occlusion becomes stagnant or dimin-
ished. Blood flow is affected more often as occlusion 
grades increase. The surface properties of RBCs and 
fibrinogen concentrations could also lead to RBC clus-
tering [4]. This leads to RBC aggregation and rouleaux 
formation [5]. As indicated by FFA, the formation of 
rouleaux damages the endothelium of the capillaries, 
resulting in breakdown of the blood retinal barrier and 
leakage from the capillaries into the intraretinal space. 
Rouleaux formation is more prevalent in the retinal 
capillary circulation as a result of the smaller ves-
sel diameter [6]. This also suggests that the spots are 
more likely to be observed at the retinal level than at 
the choroidal level, since only the retinal arteriolar and 
capillary anatomy is suitable for such a staining. This 
may not be possible in the choroidal circulation due to 
the larger caliber and high flow characteristics of the 
choroidal vessels [7]. In this series, we observed MPHS 

Fig. 2  Fundus fluorescein angiography (FFA) and optical coherence tomography (OCT) features of case 5: A 41-year-old male with a systemic history of 
hypertension and hypercholesterolemia presented to the retina clinic with sudden vision loss in the right eye over the course of the last few hours. His 
right eye vision was hand motions. On the day of presentation, an OCT scan of the right eye revealed moderate severity of CRAO with inner retinal hyper-
reflectivity and thickening. On the following day, FFA was performed, revealing the absence of a patent temporal cilioretinal artery and an arm-retina time 
of 26.3 s. Multiple hyperfluorescent pinpoint spots were identified in the FFA’s middle phase. They were associated with minimal vascular leakage and 
staining in the final phase of the FFA (A-C). Nine days later, OCT and FFA imaging of the retina was repeated. The OCT scan revealed inner retinal hyper-
reflectivity, thickening and loss of retinal layer stratification suggestive of a severe grade of occlusion in the central retinal artery. This was associated with 
the development of cystoid macular edema, neurosensory detachment and internal limiting membrane separation as well. Similar to the previous FFA 
visit, the FFA at this visit showed similar findings of middle phase pinpoint hyperfluorescent spots with late staining and vascular leakage (D-F). Thirty days 
from the initial presentation, retinal imaging with OCT and FFA were repeated. OCT showed thinning of the inner retinal layers, resolution of the cystoid 
macular edema, neurosensory detachment and internal limiting membrane separation. During this imaging session, the hyperfluorescent pinpoint spots 
observed in the previous FFA images had disappeared (G-I).
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with a higher severity grade of CRAO and at the poste-
rior pole, where retinal capillary density is greatest and 
capillary vessel caliber is smallest. In the milder forms 
of acute CRAO, there does not appear to be any blood 
flow obstruction that would lead to RBC aggregation 
and rouleaux formation. In the most severe stages of 
acute CRAO, extensive retinal whitening and thicken-
ing may obscure the visibility of the MPHS beneath the 
retina on FFA. Thus, MPHS were observed more fre-
quently on FFA in the moderate severity of occlusion 
than in the milder and more severe grades of disease.

The aggregation of RBCs is a reversible phenom-
enon. The MPHS in our current series of cases dis-
appeared in subsequent FFA studies as the CRAO 
showed signs of resolution. This supports our conten-
tion that the MPHS seen on FFA are most likely RBC 
aggregates similar to the ‘box-carring’ of larger retinal 
arteries seen on clinical examination and FFA. The 
MPHS could reveal the severity of the occlusion and 
the visual prognosis. The presence of the MPHS, how-
ever, had no effect on the treatment decision.

Single or multiple hyperfluorescent spots at the pos-
terior pole are seen in a number of choroidal diseases, 
including central serous chorioretinopathy, Vogt-Koy-
anagi Harada syndrome, sympathetic ophthalmia, pos-
terior scleritis, and occasionally due to drusen staining 
in age-related macular degeneration [8]. Aside from 
the abnormal retinal pigment epithelium detected 
on OCT, the time of appearance of the hyperfluores-
cent spot could be crucial in making a diagnosis. The 
hyperfluorescence spots seen in acute CRAO appear 
in the middle phases of the angiogram and remain 
hyperfluorescent due to RBC aggregate staining of the 
dye. In contrast, hyperfluorescence seen in choroidal 
pathologies begins early in the angiogram and contin-
ues to increase in size and intensity until late in the 
angiogram, indicating leakage.

This study has several limitations. In this study, only 
a small proportion of cases initially underwent FFA. 
Second, only patients who had undergone invasive 
FFA were included in the analysis, which introduces 
the possibility of selection bias. As the FFA was rec-
ommended at the discretion of the clinician and the 
study design was retrospective, this could not have 
been avoided. Third, the timing of the FFA was incon-
sistent in all instances, which could be attributed to its 
retrospective nature, which is one of its major limita-
tions. Fourth, the FFA result was not correlated with 
the treatment modality or treatment outcomes; there-
fore, it does not contribute to the treatment decision. 
On the other hand, research on this topic is limited. 
This study describes a novel imaging finding on FFA 
in acute CRAO cases and offers a possible explanation 

for its presence. The discovery could be an indirect 
predictor of visual prognosis in cases of acute CRAO.

To summarize, MPHS at the posterior pole on FFA 
in acute CRAO cases could imply greater occlusion 
severity and, as a result, poor visual outcomes even 
after treatment. The most likely pathogenesis for this 
finding is RBC aggregation. Future research would be 
needed to determine whether FFA is truly a necessary 
investigation for acute CRAO.
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