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H I G H L I G H T S
OCT is a non-invasive imaging 
method of posterior segment 

of the eye. Hyperreflective dots 
observed in OCT scans can be 

a useful biomarker in diagnostics 
and course of treatment in 

retinal diseases.
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ABSTRACT
Optical coherence tomography is a non-invasive and repeatable imaging 
method of posterior segment of the eye used in medical practice. Hyperre-
flective dots visible in OCT scans have been reported in various retinal dis-
eases such as age-related macular degeneration, diabetic macular edema, ret-
inal vein occlusion and central serous chorioretinopathy. In the future, HRDs 
may become a useful biomarker in making treatment decision and monitoring 
ocular conditions among the patients with mentioned diseases.
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INTRODUCTION
Optical coherence tomography (OCT) is a non-invasive and 
repeatable imaging method of posterior segment of the eye 
used in medical practice. It provides real-time, in vivo visual-
ization of the histological structure of the eye tissues [1]. It is 
useful tool in diagnosis and follow-up of ocular abnormalities 
involving the macula. It provides detailed information for the 
evaluation of drusen, intraretinal and subretinal fluid, detach-
ment of retina pigment epithelium and hyperreflective dots 
(HRDs) [2]. Hyperreflective dots in OCT were firstly demon-
strated and termed by Coscas et al. as a punctiform, small hy-
perreflective lesions of approximately 20–40 μm diameter scat-
tered through retinal layers [3, 4].
HRDs have been reported in various retinal diseases such as 
age-related macular degeneration (AMD), diabetic macular 
edema (DME), retinal vein occlusion (RVO), central serous cho-
rioretinopathy (CSCR), uveitis and macular telangiectasia [2]. 
Histopathology of HRDs is unknown, however there are some 
hypotheses about its structure in OCT [4]. Authors suggest-
ed that they are accumulations of pigment such as lipofuscin 
granules, lipid deposits because of breakdown of the blood-ret-
inal barrier or microglia cells and macrophages [2]. 

RPE and lipid-filled microglia cells moving from inner to outer 
retina [5].
Altay et al. reported that hyperreflective signs more likely rep-
resent macrophages and microglia that are the immune cells 
located in the retina involved in the pathogenesis of AMD. 
This finding is supported by the observation of HRDs in other 
retinal diseases with neuroinflammatory components, such as 
diabetic maculopathy. Moreover, their study results revealed 
HRDs in OCT scans in early AMD forms as a main risk factor 
of progression to severe forms such as geographic atrophy [6].
Similar results were made by Heußen et al. who mentioned 
hyperreflective signs as the initial symptom of type 3 macular 
degeneration (type 3 of MNV) [7]. 
Coscas et al. have analyzed the prognostic value of HRDs in 
100 eyes with neovascular AMD [8]. Their study has shown 
the correlation between poor VA and occurrence of HRDs in 
OCT scans after anti-VEGF therapy. Moreover, authors have 
shown persistence of high number of this biomarker in non-re-
sponder patients and quickly decreasing number of HRDs af-
ter treatment in responding ones. Furthermore, Turgut et al. in 
their study included patients with nAMD and HRDs presence 
in OCT. The results have shown that all included subjects were 
at active phase of the disease and the biomarker was presented 
in outer retinal layers [2].
The results of international studies indicate that occurrence 
of HRDs in OCT might be a significant biomarker useful in 
monitoring and making treatment decisions in patients with 
neovascular AMD. 

OCT scan-B of the right eye showing intraretinal fluid. RPE 
detachment and hyperreflective dots in patient with AMD.

FIGURe 1

OCT scan-B of the right eye showing intraretinal fluid, RPE 
detachment and hyperreflective dots in patient with AMD before 

anti-VEGF injections.

FIGURe 2

AGE-RELATED MACULAR DEGENERATION
AMD is a leading case of central vision impairment in patients 
over the age of 55 years worldwide. Medical experts differ-
entiated two main groups of the disease: non-exudative and 
exudative form based on the presence of the macular neovas-
cularization [4]. Exudative form of AMD is characterized by 
neovascularization and following occurrence of subretinal or 
intraretinal fluid in retinal layers. Neovascular AMD accounts 
for 10–20% of total AMD patients, however it is responsible for 
90% of severe visual loss among this group. Current treatment 
for neovascular AMD are intravitreal injections of anti-vascu-
lar endothelial growth factor (anti-VEGF). Researchers iden-
tified retinal biomarkers in OCT associated with visual acuity 
(VA) useful to predict and evaluate treatment response [4].
The researchers hypothesized about the structure of HRDs in 
AMD. Curcio et al. in their study assumed that they could be 
composed of two different cells population activated migrating 

OCT scan-B of the same patient after anti-VEGF treatment. It 
shows reduction of retinal fluid and decreased number of HRDs.

FIGURe 3
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DIABETIC RETINOPATHY 
Diabetic retinopathy (DR) is a chronic progressive retinal vas-
cular disease and one of the most common complications of 
diabetes mellitus. The duration of diabetes is significantly as-
sociated with its development and severity. The major cause 
of the vision loss in individuals of working ages is diabetic 
macular edema (DME). It is characterized by the swelling of 
the central retina, which can be detected as increased retinal 
thickness using OCT [9–11].
The latest studies confirm that HRDs can be observed in DME. 
They can be organized in a contiguous ring along the inner 
wall of cystoid spaces on the macular OCT and be named 
as the pearl necklace sign. This indication may be common-
ly seen in DME patients who require intravitreal treatment. 
Ajay et al. mentioned that HRDs can accompany large fluid 
spaces and be a precursor of hard exudates in majority of cases 
of DME. They said that the presence of HRDs does not affect 
VA prognosis or the response to intravitreal treatment (except 
where it is located under the fovea) [12].
Huang et al. conducted a systemic review concerning the role 
of HRDs as a predictor of the treatment results in patients with 
DME. There are several hypotheses of HRDs including pre-
cursors of hard exudates, the migration of RPE cells and the 
activation of microglia cells. A hyperglycemia environment 
in the retina can stimulate the accumulation of inflammatory 
mediators which induce the activation of microglia cells and 
the increase in the appearance of HRD [9–11].
Hwang et al. investigated the association between the number of 
HRDs on spectral-domain optical coherence tomography (SD- 
-OCT) according to treatment response to intravitreal bevaci-
zumab (IVB) injections or intravitreal dexamethasone implants 
in eyes with DME. The main finding of this study was that the 
number of HRDs in bevacizumab non-responders was sign- 
ificantly higher than that in responders. In contrast, the num-
ber of total HRDs, inner retinal HRDs, and outer retinal HRDs 
were significantly higher in dexamethasone responders than 

the eyes that did not respond to dexamethasone implants [10].
Wong et al. conducted the study to compare the HRDs count 
of normal and diabetic subjects and to determine the correla-
tion between HbA1c level and HRDs count and to determine 
the HbA1c cut-off level for the appearance of HRD in diabetic 
patients. Comparisons indicated that the mean HRDs count 
for the normal group was significantly different to the diabetic 
without retinopathy group and the mean number of HRDs for 
the mild-to-moderate non-responder group was significantly 
higher than in the diabetic without retinopathy. The study has 
shown the optimal cut-off point for the appearance of HRDs 
is the HbA1c level of 5.4%, because it has 89.20% of sensitivity 
and 96.60% of specificity [11].
In conclusion, increased number of HRDs is correlated with 
the increase in HbA1c levels and indicates the severity of dis-
ease. Future investigations are needed to confirm a role of 
HRDs as a predictive indicator of treatment response in pa-
tients with DME. Results in the treatment of DME are often 
unsatisfactory and because of that, it is important to develop 
biomarkers that can help to predict the outcome to get treat-
ment optimization for individual patients [9–11].

RETINAL VEIN OCCLUSION
Retinal vein occlusion (RVO) is identified as a retinal vascular 
disorder with engorgement and dilatation of the retinal veins. 
As a consequence of these changes, we have seen hemorrhag-
es and edema in the retina. Retinal ischemia including cotton 
wool spots, retinal exudates and macular edema can be also 
observed in RVO [13]. There are two types of RVO: branch 
retinal vein occlusion (BRVO) and central retinal vein occlu-
sion (CRVO) [14].
That hyperreflective signs can be visible in RVO, as well in 
other ocular conditions [13, 15–17]. Ogino et al. described 
the presence of HRDs in all retinal layers [16]. They illustrated 
that HRDs were attached to the external limiting membrane 

OCT scan-B of the right eye showing intraretinal fluid in patient with diabetes. The arrows indicate hyperreflective dots.

FIGURe 4
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(ELM) in most of the eyes with serous retinal detachment. Au-
thors also indicated that HRDs in retinal areas might explain 
the leakage of blood components. Hyperreflective dots on SD- 
-OCT, mainly in the outer layers could suggest inflammatory 
reaction, and may be a marker of disease activity [17].
In one study SD-OCT delineated hyperreflective foci in 74% 
(54 eyes) with RVO. The hyperreflective foci attaching on the 
external limiting membrane (ELM) were observed more fre-
quently in BRVO than in CRVO (53.3% vs. 11.1%). The study 
says that extravasated blood constituents might diffuse into the 
vitreous cavity in CRVO and can be indicated instead of the 
deposition of foci on the ELM [16].
Numerous of studies have shown that the presence of HRDs 
was associated with final best corrected visual acuity (BCVA) 
after anti-VEGF treatment [18]. Another study says that pres-
ence and number of HRDs could be predictive of visual out-
comes after bevacizumab administration for the treatment of 
macular edema in patients with BRVO. Baseline HRDs in the 
outer retinal layers on SD-OCT might predict the final photo-
receptor status and poor BCVA, although ME improved after 
treatment in BRVO [19]. Chatziralli et al. also reported that 
the number of HRDs and its foveal location related to the final 
BCVA in patients with ME due to BRVO and it could be a po-
tential biomarker of poor final visual outcome [18].

OTHER DISEASES 
The current literature offers a few publications about hyper-
reflective spots visualized in OCT scans in other retinal dis-
eases. 
Central serous chorioretinopathy (CSCR) is common retin-
opathy among young patients, typically males between the 
ages of 20 and 50 years old. It causes vision loss due to serous 

retinal detachment in the macular area with the occurrence of 
subretinal fluid. 
Hanumunthadu et al. analyzed association between hyperre-
flective signs in the choroid and visual acuity and OCT pa-
rameters among subjects with CSCR. They included 32 eyes 
with acute and 29 with chronic CSCR. The results have shown 
the negative correlation between presence of HRDs and pa-
tient’s age as well as subfoveal choroidal thickness both in 
acute and chronic forms of the disease. Moreover, in chronic 
CSCR hyperreflective signs are associated with macular thick-
ness and height of neurosensory detachment [20].
Focal choroidal excavation (FCE) is an excavation of the cho-
roid and can be recognized with OCT. There are two types of 
FCE: conforming and non-conforming and its depending on 
whether there is a separation between the neural retina and 
the retinal pigment epithelium [21].
Hashimoto et al. documented a patient with HRDs who had 
FCE. They suggested that the RPE and Bruch’s membrane 
impairment, following chorioretinal inflammation, may play  
a role in the pathogenesis of FCE and HRDs can be also ob-
served in this ocular condition [22].
Furthermore, HRDs findings were described in other dis-
eases. Fong et al. in their study mentioned small intraretinal 
hyperreflective dots in 3 eyes with patients diagnosed with 
Vogt-Koyanagi-Harada disease [23].

CONCLUSIONS
Based on the available published research, hyperreflective dots 
visualized by optical coherence tomography are a promising 
biomarker in retinal diseases that may be used as a predictor of 
treatment outcome and prognosis of the disease. Further stud-
ies are needed to confirm this assumption. 

Figures: from the author’s own materials.

correspondence
Katarzyna Paczwa, MD
Depar tment of Ophthalmology, 
Militar y Institute of Aviation Medicine 
01-755 Warsaw, ul. Krasińskiego 52/54
e-mail: kasiapaczwa@gmail.com

ORCID 
Katarzyna Paczwa – ID – http://orcid.org/0000-0003-3825-3727
Paulina Szabelska – ID – http://orcid.org/0000-0002-6216-0646
Magdalena Rer ych – ID – http://orcid.org/0000-0002-8944-856X
Radosław Różycki – ID – http://orcid.org/0000-0001-7040-026X
Joanna Gołębiewska – ID – http://orcid.org/0000-0002-3013-4363

References
1.	 Marschall S, Sander B, Mogensen M et al. Optical coherence tomography-current technology and applications in clinical and biomedi-

cal research. Anal Bioanal Chem. 2011; 400(9): 2699-720. http://doi.org/10.1007/s00216-011-5008-1.
2.	 Turgut B, Yildirim H. The causes of hyperreflective dots in optical coherence tomography excluding diabetic macular edema and retinal 

venous occlusion§. Open Ophthalmol J. 2015; 9: 36-40. http://doi.org/10.2174/1874364101509010036.
3.	 Coscas G, Coscas F, Vismara S et al. Clinical features and natural history of AMD. In: Coscas G, Coscas F, Vismara S et al (ed). Optical Co-

herence Tomography in Age-Realated Macular Degeneration. Heidelberg, Springer, 2009: 171-4.



179
Co p y r i g h t  ©  M e d i c a l  E d u c a t i o n Vo l .  9 / N r  3 ( 3 5 ) / 2 0 2 2  ( s .  1 7 5 - 1 7 9 )

Hyperreflective dots in optical coherence tomography
K. Paczwa, P. Szabelska, M. Rerych, R. Różycki, J. Gołębiewska

4.	 Metrangolo C, Donati S, Mazzola M et al. OCT Biomarkers in Neovascular Age-Related Macular Degeneration: A Narrative Review. 
J Ophthalmol. 2021; 2021: 9994098. http://doi.org/10.1155/2021/9994098.

5.	 Curcio CA, Zanzottera EC, Ach T et al. Activated Retinal Pigment Epithelium, an Optical Coherence Tomography Biomarker for Pro-
gression in Age-Related Macular Degeneration. Invest Ophthalmol Vis Sci. 2017; 58(6): BIO211-BIO226. http://doi.org/10.1167/iovs.17-
21872.

6.	 Altay L, Scholz P, Schick T et al. Association of Hyperreflective Foci Present in Early Forms of Age-Related Macular Degeneration 
With Known Age-Related Macular Degeneration Risk Polymorphisms. Invest Ophthalmol Vis Sci. 2016; 57(10): 4315-20. http://doi.
org/10.1167/iovs.15-18855.

7.	 Heußen F, Ouyang Y, Joussen A. Retinal Angiomatous Proliferation. http://doi.org/10.1055/s-0032-1315084.
8.	 Coscas G, De Benedetto U, Coscas F et al. Hyperreflective dots: a new spectral-domain optical coherence tomography entity for follow-up 

and prognosis in exudative age-related macular degeneration. Ophthalmologica. 2013; 229(1): 32-7. http://doi.org/10.1159/000342159.
9.	 Huang H, Jansonius NM, Chen H et al. Hyperreflective Dots on OCT as a Predictor of Treatment Outcome in Diabetic Macular Edema:  

A Systematic Review. Ophthalmol Retina. 2022: S2468-6530(22)00149-X. http://doi.org/10.1016/j.oret.2022.03.020.
10.	 Hwang HS, Chae JB, Kim JY et al. Association Between Hyperreflective Dots on Spectral-Domain Optical Coherence Tomography in 

Macular Edema and Response to Treatment. Invest Ophthalmol Vis Sci. 2017; 58(13): 5958-67. http://doi.org/10.1167/iovs.17-22725.
11.	 Wong BS, Sharanjeet-Kaur S, Ngah NF et al. The Correlation between Hemoglobin A1c (HbA1c) and Hyperreflective Dots (HRD) in Dia-

betic Patients. Int J Environ Res Public Health. 2020; 17(9): 3154. http://doi.org/10.3390/ijerph17093154.
12.	 Ajay K, Mason F, Gonglore B et al. Pearl necklace sign in diabetic macular edema: Evaluation and significance. Indian J Ophthalmol. 

2016; 64(11): 829-34. http://doi.org/10.4103/0301-4738.195597.
13.	 Hayreh SS. Occlusion of the central retinal vessels. Br J Ophthalmol. 1965; 49: 626-45. http://doi.org/10.1136/bjo.49.12.626.
14.	 Blair K, Czyz CN. Central Retinal Vein Occlusion. 2022. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2022 Jan.
15.	 Coscas G, Loewenstein A, Augustin A et al. Management of retinal vein occlusion consensus document. Ophthalmology. 2011; 226: 

4-28. http://doi.org/10.1159/000327391.
16.	 Ogino K, Murakami T, Tsujikawa A et al. Characteristics of optical coherence tomographic hyperreflective foci in retinal vein occlusion. 

Retina. 2012; 32: 77-85. http://doi.org/10.1097/IAE.0b013e318217ffc7.
17.	 Coscas G, Coscas F, Vismara S et al. Bright hyper-reflective spots and dense zones. In: Coscas G (ed). Optical Coherence Tomography in 

Age-Related Macular Degeneration. Heidelberg, Springer, 2009, chapt 7: 159-67.
18.	 Chatziralli IP, Sergentanis TN, Sivaprasad S. Hyperreflective foci as an independent visual outcome predictor in macular edema due to 

retinal vascular diseases treated with intravitreal dexamethasone or ranibizumab. Retina. 2016; 36(12): 2319-28. http://doi.org/10.1097/
IAE.0000000000001070.

19.	 Kang JW, Lee H, Chung H et al. Correlation between optical coherence tomographic hyperreflective foci and visual outcomes after 
intravitreal bevacizumab for macular edema in branch retinal vein occlusion. Graefes Arch Clin Exp Ophthalmol. 2014; 252(9): 1413-21. 
http://doi.org/10.1007/s00417-014-2595-5.

20.	 Hanumunthadu D, Matet A, Rasheed MA et al. Evaluation of choroidal hyperreflective dots in acute and chronic central serous chori-
oretinopathy. Indian J Ophthalmol. 2019; 67(11): 1850-4. http://doi.org/10.4103/ijo.IJO_2030_18.

21.	 Margolis R, Mukkamala SK, Jampol LM et al. The expanded spectrum of focal choroidal excavation. Arch Ophthalmol. 2011, 129: 1320-5. 
http://doi.org/10.1001/archophthalmol.2011.148.

22.	 Hashimoto Y, Saito W, Noda K et al. Acquired focal choroidal excavation associated with multiple evanescent white dot syndrome: ob-
servations at onset and a pathogenic hypothesis. BMC Ophthalmol. 2014; 14: 135. http://doi.org/10.1186/1471-2415-14-135.

23.	 Fong AH, Li KK, Wong D. Choroidal evaluation using enhanced depth imaging spectral-domain optical coherence tomography in 
Vogt-Koyanagi-Harada disease. Retina. 2011; 31(3): 502-9. http://doi.org/10.1097/IAE.0b013e3182083beb.

Authors’ contributions:
Katarzyna Paczwa: 35%; Paulina Szabelska: 25%; Magdalena Rerych: 20%;
Radosław Różycki: 10%; Joanna Gołębiewska: 10%.
Conflict of interest:
None.
Financial support:
None.
Ethics:
The content presented in the article complies with the principles of the Helsinki  
Declaration, EU directives and harmonized requirements for biomedical journals.


