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Abstract
Hyperreflective materials on Spectral-Domain Optical Coherence Tomography (SD-OCT) images of eyes with different 

retinal disorders may have diverse shapes and origins and are a prognostic marker of disease progression. This study documents 
using SD-OCT the presence of Curved Hyper Reflective Structures (CHRS) in the outer macula of eyes with different retinal dis-
orders. A retrospective case series of 22 eyes of 21 patients with CHRS is described. In addition, 12 eyes of 12 patients with other 
kinds of intra retinal hyperreflective structures were investigated. CHRS, which form curved thin lines or broad bands between 
the outer plexiform layer and external limiting membrane (ELM) in the macula, were found in eyes without edema. Thin CHRS 
were secondary to dry age-related macular degeneration (AMD; n=10 eyes), glaucoma (n=2), wet AMD, chorioretinitis, macular 
scarring, anterior ischemic optic neuropathy, proliferative diabetic retinopathy, adult-onset foveomacular vitelliform dystrophy, 
and ocular ischemia (each n=1), respectively. Broad CHRS were caused by hemorrhages in the inner foveal layers (n=3). CHRS 
were associated with focal photoreceptor layer defects. The defects were present before the formation of thin CHRS and during 
or after the formation of broad CHRS. The retina of eyes with edema showed hyper reflective foci and cystoid cavities which 
contained hypo- or medium-reflective fluid and hyper reflective material, but not CHRS. It is concluded that CHRS in the outer 
macula are found in eyes with different retinal disorders without edema. Thin CHRS likely develop after photoreceptor damage 
from the ELM. Broad CHRS are caused by hemorrhages within the inner foveal layers.

Keywords: Age-related macular degeneration; Cystoid 
macular edema; Drusen; Exudate; Hyperreflective foci; Intraretinal 
hemorrhage

Abbreviations: AION: Anterior Ischemic Optic Neuropathy; 
AMD: Age-Related Macular Degeneration; AOFVD: Adult-Onset 
Foveomacular Vitelliform Dystrophy; BCVA: Best-Corrected 
Visual Acuity; BRVO: Branch Retinal Vein Occlusion; CHRS: 
Curved Hyperreflective Structure; CME: Cystoid Macular Edema; 
CNV: Choroidal Neovascularization; DME: Diabetic Macular 
Edema; ELM: External Limiting Membrane; EZ: Ellipsoid Zone; 
GCL: Ganglion Cell Layer; HFL: Henle Fiber Layer; INL: Inner 
Nuclear Layer; IPL: Inner Plexiform Layer; IZ: Interdigitation 
Zone; NFL: Nerve Fiber Layer; ONL: Outer Nuclear Layer; OPL: 
Outer Plexiform Layer; PDR: Proliferative Diabetic Retinopathy; 
RPE: Retinal Pigment Epithelium; SD-OCT: Spectral-Domain 

Optical Coherence Tomography

Introduction
Intraretinal deposits of hyperreflective material, which may 

display diverse shapes like dots, spots, and patches on Spectral-
Domain Optical Coherence Tomographic (SD-OCT) images, is a 
characteristic of different retinal diseases. Hyperreflective foci are 
found on SD-OCT images of eyes with dry or wet Age-Related 
Macular Degeneration (AMD), acquired vitelliform lesions, central 
serous chorioretinopathy, Diabetic Macular Edema (DME), and 
other vascular and inflammatory diseases like retinal vein occlusion 
and uveitis [1-7]. In patients with intermediate AMD, intraretinal 
accumulation of hyperreflective foci is an important risk factor for 
the progression to late AMD, in particular for the development 
of geographic atrophy characterized by the degeneration of the 
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Retinal Pigment Epithelium (RPE) and photoreceptors [8-10]. The 
quantity of intraretinal hyperreflective foci is also a predictor for 
the visual outcome in other retinal disorders like central serous 
chorioretinopathy and diabetic retinopathy [11-14].

In eyes of patients with wet AMD, hyperreflective foci are 
scattered throughout the retinal tissue but are mainly located in 
the outer layers around fluid accumulations [15]. Hyperreflective 
material in the outer neuroretina of AMD eyes is often attached to 
the apex of drusen or drusenoid RPE detachments; the presence 
of hyperreflective structures above drusen is associated with 
a thinning of the photoreceptor and outer retinal layers and an 
increased risk of local atrophy [16-21]. In eyes of diabetic patients, 
hyperreflective material is primarily deposited in the Henle Fiber 
Layer (HFL) [22-25]; smaller hyperreflective foci can be found 
in all retinal layers [2,26]. Confluence of hyperreflective foci 
to larger plaques in the HFL is visible on fundus photographs 
as hard exudate [2,3,25,27]. The pathogenesis of intraretinal 
hyperreflective deposits is incompletely understood. Depending on 
the type of retinal disease and the size, shape, and location of the 
deposits, lipoprotein exudation, microglia activation, macrophage 
recruitment, and RPE cell migration were suggested as possible 
causes [1-4,6,17,22,23,28-33].

 In the present study, we describe the occurrence of 
hyperreflective material of conspicuous shape in eyes with various 
retinal disorders. The hyperreflective material forms curved 
structures in the outer macular layers and is visible on SD-OCT 
images as thin lines or broad bands between the Outer Plexiform 
Layer (OPL) and External Limiting Membrane (ELM). In AMD 

eyes, these Curved Hyperreflective Structures (CHRS) have been 
referred to as a plume [21]. A further aim of the present study was 
to compare the intraretinal distribution of hyperreflective material 
in eyes without and with Cystoid Macular Edema (CME). 

Methods

This is a retrospective, single-center chart review. The 
study followed the ethical standards of the 1964 Declaration of 
Helsinki and its later amendments. The protocol was approved by 
the Ethics Committee of the Medical Faculty of the University 
of Leipzig (#143/20-ek). The ethics committee is registered as 
Institutional Review Board at the Office for Human Research 
Protections (registration number, IORG0001320/IRB00001750). 
The patients gave their informed consent for their images and 
other clinical information to be reported. We retrospectively 
reviewed the charts of 89,317 patients who were referred to the 
Department of Ophthalmology, University of Leipzig, Germany, 
between August 2008 and December 2019. We searched for 
charts which contained SD-OCT images that showed the presence 
of CHRS in the outer macula. We found charts of 22 eyes of 21 
patients which fulfilled this criterion. We also included 12 eyes of 
11 patients which exhibited intraretinal hyperreflective material of 
other shapes. Table 1 summarizes the patient’s characteristics. All 
patients were Caucasians. Exclusion criteria were presence of an 
intraocular tumor, high myopia (>6 diopters), and poor quality of 
OCT imaging. In addition, we included SD-OCT images of 4 eyes 
of 4 subjects without apparent eye disease in which the HFL was 
distinguishable from the Outer Nuclear Layer (ONL) (3 women, 1 
man; mean age, 60.8±8.9 years; range 45-72 years). 

Figure (Image) Sex Age (years) BCVA Aetiology

1A (1) w 81 0.5 dry AMD

1A (2) w 63 0.63 dry AMD

1A (3) m 76 0.8 dry AMD, RPE scarring without CNV

1A (4) m 69 0.8 dry AMD

1A (5) w 79 0.6 dry AMD

1A (6) w 81 0.5 dry AMD

1A (7) w 77 0.63 dry AMD

1A (8) m 61 1.0 dry AMD, RPE scarring without CNV

1A (9) w 48 1.0 chorioretinitis

1A (10) m 49 0.1 macular scarring

1A (11, 12) m 74 1.0 / 0.8 AION resulting from arteria carotis interna stenosis

1A (13) w 79 0.8 PDR, intravitreal ranibizumab (Lucentis)

1A (14) w 75 0.2 glaucoma

1A (15) m 64 0.8 glaucoma
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2A w 51 0.2 to 0.4 CNV, intravitreal ranibizumab (Lucentis)

2B m 66 0.63 to 0.63 ocular ischemia syndrome

2C w 69 0.8 to 0.6 AOFVD

2D w 51 0.5 AOFVD

2E m 81 0.5 to 0.5 dry AMD

2F m 63 0.8 to 0.8 intraretinal hemorrhage

2G m 60 0.8 intraretinal hemorrhage

2H m 77 0.63 intraretinal hemorrhage

2I m 42 0.8 to 1.0 Valsalva retinopathy

3A w 68 1.0 BRVO

3B m 59 1.0 to 1.0 macroaneurysm, intravitreal triamcinolone

3C w 66 0.4 hypertensive retinopathy

3D w 69 0.8 to 1.0 NPDR, macular edema

3E m 59 0.4 to 0.5 NPDR, macular edema, intravitreal ranibizumab (Lucentis)

3F m 64 0.5 to 0.4 NPDR, macular edema

3G m 61 0.5 to 0.63 BRVO, macular edema

3H w 77 0.50 to 0.25 BRVO, macular edema, intravitreal ranibizumab (Lucentis)

3I w 47 1.0 central serous chorioretinopathy

AOFVD: Adult-Onset Foveomacular Vitelliform Dystrophy; AION: Anterior Ischemic Optic Neuropathy; AMD: Age-Related Macular 
Degeneration; BRVO: Branch Retinal Vein Occlusion; CNV: Choroidal Neovascularization; m: Man; NPDR: Nonproliferative Diabetic 
Retinopathy; PDR: Proliferative Diabetic Retinopathy; PVD: Posterior Vitreous Detachment; w: Woman

Table 1: Patients’ characteristics. Best-Corrected Visual Acuity (BCVA) is given for the first visit and the end of the examination period 
where appropriate.

5.5-mm, 6-line radial scans of the macula were recorded with 
SD-OCT (Spectralis, Heidelberg Engineering, and Heidelberg, 
Germany). Fundus images were obtained using a Nidek AFC-
230 camera (Nidek Co., Ltd., Aichi, Japan). Best-corrected visual 
acuity (BCVA) was determined using Snellen charts and is given 
in decimal units.

Distances on SD-OCT images were measured using Heyex 2 
(Heidelberg Engineering). The horizontal extension of CHRS was 
measured between the OPL and ELM; the distance to the foveal 
center was measured between the ELM and the tip of the fovea 
externa (Figure 1B). Data are given as means ± S.D. Statistical 
analysis was performed using Prism (Graphpad Software, San 
Diego, CA). Significant differences were evaluated with the non-
parametric Mann-Whitney U test, and were accepted at P<0.05.

Results

CHRS in the outer macula

Figure 1A shows SD-OCT images of the macula of 15 eyes of 14 
patients which displayed CHRS between the OPL and ELM. The 
patients suffered from different retinal diseases including dry AMD 
(images 1-8), chorioretinitis, macular scarring, Anterior Ischemic 
Optic Neuropathy (AION), proliferative diabetic retinopathy 
(PDR), and glaucoma (Table 1). In four eyes, CHRS passed 
through the ONL and HFL, but did not reach the OPL (images 5, 
10, 11, 15). The thickness of CHRS varied in the eyes. Thin CHRS 
were composed of discrete hyperreflective dots ordered in linear 
shape (images 2, 5, 14) while thicker CHRS were composed of 
adjoining dots (e.g., images 1 and 15). In different eyes, single 
hyperreflective dots had a diameter between 21 and 39 µm; the 
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mean diameter was 31.0 ± 7.0 µm (n=31 dots). In all eyes investigated, CHRS were associated with a focal loss of photoreceptor 
integrity, as indicated by irregular reflectivity, deformation, and/or disruption of the Ellipsoid Zone (EZ) and the Interdigitation Zone 
(IZ) lines.

Figure 1: Curved Hyperreflective Structures (CHRS) between the Outer Plexiform Layer (OPL) and External Limiting Membrane (ELM) are associated 
with focal loss of photoreceptor integrity. A. SD-OCT images of the foveas and parafoveas of 15 eyes of 14 patients with CHRS in the Henle Fiber 
Layer (HFL) and Outer Nuclear Layer (ONL). B. Parameters of CHRS measured on SD-OCT images of 20 eyes. a. Scatter plot of the relation between 
the horizontal extension (E) and the distance (D) of CHRS to the foveal center. b. Relation between the Best-Corrected Visual Acuity (BCVA) of the 
eyes and the distance (D) of CHRS to the foveal center. c. Relation between the widths of the Ellipsoid Zone (EZ) line defect associated with CHRS 
and the distance (D) of the CHRS to the foveal center. C. Linear horizontal SD-OCT scans through the macula of four human subjects without apparent 
eye disease. The HFL is shown in yellow. The temporal macula is shown at the left side, the nasal macula at the right side. Scale bars, 200 µm. GCL: 
Ganglion Cell Layer; INL: Inner Nuclear Layer; IPL: Inner Plexiform Layer; IZ: Interdigitation Zone; NFL: Nerve Fiber Layer; RPE: Retinal Pigment 
Epithelium.
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Five eyes (images 3, 6-9) displayed drusenoid RPE 
detachments from Bruch’s membrane; the RPE formed 
excrescences which protruded towards or into the outer neuroretina. 
In two eyes (images 3, 8), the protrusions caused a compression of 
the outer retina including the photoreceptors resulting in a thinning 
of the HFL and ONL. In three eyes, CHRS were connected to the 
RPE (images 6, 7, 9).

The shape of CHRS in the outer macula apparently followed 
the spatial arrangement of the Henle fibers in the HFL and the rows 
of photoreceptor cell bodies in the ONL. To prove this assumption, 
we measured two parameters of CHRS in SD-OCT images of 
20 eyes: the horizontal extension and the distance to the foveal 
center (Figure 1Ba). Figure 1Ba shows the horizontal extension 
of CHRS in dependence to the distance to the foveal center. The 
horizontal extension increased continuously from the foveal center 
up to about 300 µm and declined with a smaller slope at distances 
greater than 400 µm from the foveal center (Figure 1Ba). Normally, 
the HFL has the same low reflectivity as the ONL; therefore, the 
HFL and ONL are usually not distinguishable in SD-OCT images 
(Figure 1A). However, the reflectivity of the HFL depends on the 
angle at which the light hits the retina [34,35]. Figure 1C shows 
SD-OCT images of eyes of human subjects without apparent eye 
disease in which the HFL was distinguishable from the ONL. The 
peak thickness of the HFL was between 300 and 500 µm from the 
foveal center, i.e., in the foveal walls surrounding the foveola. This 
value is similar to that of the largest horizontal extension of CHRS 
and supports the assumption that the shape of CHRS follows the 
spatial arrangement of the Henle fibers in the HFL.

Figure 1Bb shows the relation between BCVA of eyes with 
CHRS and the distance of CHRS to the foveal center. The BCVA 
of eyes with CHRS in the foveola (i.e., within a distance of 300 µm 
from the foveal center; (Figure 1C) varied considerably (Figure 
1Bb). Although the mean BCVA of eyes with CHRS within a 
distance of 300 µm to the foveal center was smaller (0.58±0.23; n= 
15) than that of eyes with CHRS outside the foveola (0.78±0.18; 
n=5), this difference was not significant (P>0.05).

Defects of EZ and IZ lines reflect deconstruction of 
photoreceptor segments. Figure 1Bc shows the relation between 
the width of the CHRS-associated EZ line defect and the distance 
of the CHRS to the foveal center. In different eyes, the width of the 
EZ line defect varied considerably within the foveola. There were 
no correlations between the BCVA and the distance of CHRS to 
the foveal center and the width of the EZ line defect, respectively 
(data not shown).

Formation and morphological alterations of hyperreflective 
structures in the fovea. Figures 2A-2C shows examples of early 
stages of CHRS formation in the outer fovea. The SD-OCT 
scans of Figure 2A were recorded in an eye with Choroidal 
Neovascularization (CNV) that was treated with intravitreal 
ranibizumab (Lucentis). CHRS formed after a transient serous 
detachment of the fovea from the RPE (first visit). After 
reattachment of the fovea, the outer fovea contained irregularly 
shaped clumps of hyperreflective material near the ELM (1 
month). The photoreceptor layer between the ELM and RPE was 
also hyperreflective. Thereafter, a CHRS was formed which was 
connected to a clump of the hyperreflective material (2.2 months). 
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Figure 2: Formation and time-dependent alterations of hyperreflective structures in the fovea. The images show SD-OCT scans through 
the foveas and parafoveas of 10 eyes of 9 patients. The months after the first visit (0) are indicated left of the images. A‒C. Formation 
of Curved Hyperreflective Structures (CHRS) in the central outer fovea in eyes with choroidal neovascularization (A), ocular ischemia 
syndrome (B), and adult-onset foveomacular vitelliform dystrophy (C), respectively. D. Another eye with adult-onset foveomacular 
vitelliform dystrophy. E. CHRS in the outer macula of the left eye (left side) of a patient with dry age-related macular degeneration. The 
right side shows scans from the right eye. Note that the hyperreflective structures in the outer macula of both eyes were in front of large 
drusen and that the hyperreflective structures in the Outer Nuclear Layer (ONL) were connected to the material in the photoreceptor 
layer. The images below show parts of the scans recorded in the left and right eyes at higher magnification. F. Partial reabsorption of a 
broad CHRS associated with hemorrhage in the Inner Nuclear Layer (INL). CHRS extended between the INL and the Ellipsoid Zone 
(EZ). The orientations of the scans are shown above the images. G. An eye with a hemorrhage between the Ganglion Cell Layer (GCL) 
and INL of the nasosuperior foveal wall and parafovea. The upper image shows a broad CHRS within the Henle Fiber Layer (HFL) and 
ONL. The lower image shows a cystoid cavity between the Outer Plexiform Layer (OPL) and HFL which is filled by hyporeflective fluid 
(blue arrowhead) and a large patch of hyperreflective material (yellow arrowhead). H. The reabsorption of a hemorrhage in the inner 
foveal layers of this eye was associated with the formation of a broad CHRS and a degeneration of photoreceptors. I. SD-OCT (right) 
and fundus images (left) of an eye with Valsalva retinopathy. After resolution of the intraretinal hemorrhage, hyperreflective deposits 
were present in the inner layer of the foveola. Scale bars, 200 µm. ELM: External Limiting Membrane; IPL: Inner Plexiform Layer; IZ: 
Interdigitation Zone; NFL: Nerve Fiber Layer; RPE: Retinal Pigment Epithelium.



Citation: Bringmann A, Unterlauft JD, Barth T, Wiedemann R, Rehak M, et al. (2021) Two Types of Curved Hyperreflective Structures on Optical Coherence Tomogra-
phy Images of the Outer Retina of Eyes with Different Macular Disorders. Ophthalmol Res Rep 6: 151. DOI: 10.29011/2689-7407.100051

7 Volume 06; Issue 01

Figure 2B shows scans recorded in an eye with ocular 
ischemia syndrome in which two CHRS developed in the central 
fovea. The RPE of the foveola was thickened; this was associated 
with an anterior displacement of the ELM, EZ, and IZ lines. The 
scans shown in Figure 2C were recorded in an eye with Adult-
Onset Foveomacular Vitelliform Dystrophy (AOFVD). There 
was a broad area with defects of the ELM, EZ, and IZ lines in 
the central fovea; in this area, the hyperreflective material in the 
subretinal space protruded towards the foveal neuroretina. The 
reflectivity of two CHRS increased within 6.5 months after the first 
visit; both CHRS were connected to the hyperreflective subretinal 
material. Figure 2D shows a scan obtained in another eye with 
AOFVD. The HFL and ONL above the area with broad defects 
of the ELM, EZ, and IZ lines contained large irregularly formed 
clumps of hyperreflective material. The subretinal space comprised 
hyperreflective material which partly represented the RPE that was 
detached from Bruch’s membrane. The hyperreflective deposits in 
the ONL and HFL of the fovea extended at various sites into the 
subretinal space. 

Figure 2E shows SD-OCT scans recorded in both eyes of a 
patient with dry AMD. The scans of the left eye display a CHRS in 
the HFL and ONL while the scans of the right eye show irregularly 
arranged hyperreflective material in the HFL and ONL of the fovea. 
In both eyes, the hyperreflective structures in the outer neuroretina 
were located in front of large drusen and were connected to the 
RPE. In the right eye, a hyperreflective patch developed in the 
Inner Nuclear Layer (INL) after the partial regression of the 
hyperreflective material in the HFL.

Figure 2F‒H shows SD-OCT scans recorded in eyes with 
hemorrhage in the inner foveal layers. The scans of Figure 2F 
show a hemorrhage within the INL of the nasal foveal wall and 
parafovea. The hemorrhage was associated with an expansion of 
the INL and displacements of the inner part of this layer and of 
the OPL; hyperreflective material accumulated in the mid and 
outer part of the INL, suggesting that the origin of the bleeding 
was a defect of the deep capillaries at the outer border of the 
INL. The displacements of the inner part of the INL and OPL 
caused compression of the Inner Plexiform Layer (IPL) and the 
outer retina. The hyperreflective material in the INL merged 
with a broad CHRS which reached up to the EZ line. There were 
outward deflections of the ELM and EZ lines and a defect of the 
IZ line below the CHRS. The hemorrhage regressed within few 
weeks after the first examination; this was associated with a nearly 

full disappearance of the CHRS. A focal photoreceptor defect 
remained, as indicated by the hyporeflectivity of the EZ line and 
the defect of the IZ line.

The scans of Figure 2G show a hemorrhage between the 
Ganglion Cell Layer (GCL) and INL which caused a thickening of 
the foveal wall and parafovea. The hemorrhage merged with broad 
CHRS in the HFL and ONL of the more superior fovea as well as 
with a hyperreflective deposit within the cystoid cavity between the 
OPL and HFL in the more inferior fovea. The outward deflection 
of the ELM and the defects of the EZ and IZ lines indicate a loss 
of photoreceptor integrity below the broad CHRS. The scans of 
Figure 2H show the formation of a broad CHRS associated with 
a deconstruction of photoreceptor segments after reabsorption 
of a hemorrhage in the inner foveal layers. The presence of 
hyperreflective material in the GCL and OPL of the parafovea one 
month after the first visit may suggest that hemorrhage resulted 
from bleeding from both superficial and deep vascular plexus. 
The hemorrhage was associated with a pressure onto the outer 
neuroretina as indicated by the outward deflections of the RPE line 
at the first visit and of the ELM line one month later. The defects 
of the EZ and IZ lines below the outwardly deflected ELM line 
suggests that the pressure was associated with a deconstruction 
of photoreceptor segments. After reabsorption of the hemorrhage 
in the inner foveal layers, there remained a broad CHRS and 
hyperreflective material in the HFL of the foveal wall and the stalk 
of the Müller cell cone in the foveola. The EZ and IZ lines restored 
around the photoreceptor-free area below the CHRS. 

The scan of an eye with Valsalva retinopathy (Figure 2I) 
recorded at the first examination shows an intraretinal hemorrhage 
in the nasal part of the central fovea. After resolution of the 
hemorrhage, hyperreflective material accumulated in the inner 
layer of the foveola; the shape of the hyperreflective deposit 
resembled that of the Müller cell cone [36].

Hyperreflective structures in eyes with different diseases. 
CHRS were found in eyes without retinal edema. Intraretinal 
hyperreflective structures with different shape like foci, dots, and 
patches were described to be a characteristic of various retinal 
diseases including AMD and DME [2,4,24]. In order to investigate 
whether retinal disorders with edema may be associated with 
formation of CHRS, we included SD-OCT scans of 9 eyes of 9 
patients which showed intraretinal deposits of hyperreflective 
material. None of these eyes showed a curved arrangement of 
hyperreflective material in the outer macula.
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Figure 3: Hyperreflective material in eyes with different retinal diseases. The images show SD-OCT scans through the foveas and 
parafoveas of 9 eyes of 9 patients. The months after the first visit (0) are indicated left of the images. The arrowheads indicate adhesions 
of the partially detached posterior hyaloid at the macular tissue. In B and E, the orientations of the scans are shown at the left side. A. 
An eye with Branch Retinal Vein Occlusion (BRVO). Hyperreflective material was located in the Inner Nuclear Layer (INL), Outer 
Plexiform Layer (OPL), and Henle Fiber Layer (HFL) of the foveal wall, para-, and perifovea at the right side. B. Partial reabsorption of 
hyperreflective patches in the INL, OPL, HFL, and Outer Nuclear Layer (ONL) of the macula in an eye with macroaneurysm. The initial 
fundus scan (left) shows a ring of hyperreflective material in the nasoinferior macula. The yellow arrow indicates a connection between 
hyperreflective materials in the ONL and in the subretinal space. The blue arrow indicates hyperreflective material which passed through 
the External Limiting Membrane (ELM). C. An eye with hypertensive retinopathy and cystoid spaces in the HFL which were filled 
with hyporeflective fluid and hyperreflective material. D. An eye with Nonproliferative Diabetic Retinopathy (NPDR) associated with 
macular edema. Hyporeflective cystoid spaces in the HFL contained clumps of hyperreflective material. Hyaloidal traction deformed 
the foveal shape. The detachment of the posterior hyaloid from the fovea (after 3.5 months) was followed by the resolution of the 
cystoid cavities and reabsorption of the hyperreflective deposits. E. Another eye with NPDR and Cystoid Macular Edema (CME). The 
cystoid spaces in the HFL were filled with medium-reflective fluid and hyperreflective material. The size of the cystoid spaces varied 
during the examination period; this was associated with a varying thickness of the foveal tissue. The fundus scans (left) show a partial 
star of hard exudates. F. A further eye with NPDR and CME. The cystoid spaces in the HFL were filled with medium-reflective fluid 
and hyperreflective material. Smaller hyperreflective foci were also present at some sites within the INL, Inner Plexiform Layer (IPL), 
and Ganglion Cell Layer (GCL). The smaller images below show parts of the scans recorded 3 months after the first visit at higher 
magnification. The arrows indicate patches composed of adjoining hyperreflective dots (above) and hyperreflective material in the INL 
and OPL was continuous to the material in the HFL. G. An eye with BRVO and CME. There were large cystoid cavities in the foveola 
and cystoid spaces between the OPL and HFL of the foveal walls. Small hyperreflective foci were present in the INL, OPL, and HFL. 
H. Another eye with BRVO and CME. I. An eye with central serous chorioretinopathy associated with a dome-shaped detachment of 
the Retinal Pigment Epithelium (RPE) from the Bruch’s Membrane (BM). Scale bars, 200 µm. EZ: Ellipsoid Zone; IZ: Interdigitation 
Zone; NFL: Nerve Fiber Layer.
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Figure 3A shows an SD-OCT image which was recorded in 
an eye with Branch Retinal Vein Occlusion (BRVO) without CME, 
a condition which was recently described as “HFL hemorrhage” 
[37]. Clumps of hyperreflective material were present in the 
INL, OPL, and HFL; at many sites, the material in the INL was 
connected to that in the OPL and HFL. The scans of Figure 3B 
were obtained in an eye with macroaneurysm that was treated with 
intravitreal injection of triamcinolone acetonide. The fundus scan 
recorded at the first visit shows a ring of hyperreflective material 
in the nasoinferior macula. Patches of hyperreflective material 
were present in the INL, OPL, HFL, and ONL of the foveal walls, 
para-, and perifovea. At many sites, the hyperreflective material 
formed continuous structures between the INL and ONL. At 
one site, the hyperreflective material in the OPL was continuous 
with the material in the subretinal space (yellow arrow in Figure 
3B). At another site, hyperreflective material passed through 
the ELM (blue arrow). The intraretinal hyperreflective material 
was partially absorbed within 9 months after the first visit. The 
large hyperreflective clumps in the foveal walls became smaller 
hyperreflective foci scattered between the GCL and HFL.

The SD-OCT image of Figure 3C was recorded in an eye 
with hypertensive retinopathy. The intraretinal distribution of 
hyperreflective material was similar to that of the eyes shown in 
Figure 3A and B. In addition, there were hyporeflective cystoid 
spaces in the HFL between the patches of the hyperreflective 
material, indicating CME. At various sites, the hyperreflective 
material in the INL was connected with that in the cystoid spaces 
of the HFL.

Figure 3D-3F shows SD-OCT scans recorded in eyes with 
nonproliferative diabetic retinopathy and CME. The CME of the 
eye shown in Figure 3D was characterized by cystoid spaces in 
the HFL which were filled by hyporeflective fluid and clumps of 
hyperreflective material; smaller hyperreflective foci were present 
in the IPL, INL, and OPL. Hyaloidal traction deformed the foveal 
shape. During the examination period, the posterior hyaloid fully 
detached from the fovea. The detachment was followed by a 
resolution of the cystoid spaces and a nearly full reabsorption of 
the hyperreflective material.

The eye of Figure 3E was treated with intravitreal 
ranibizumab (Lucentis). The fundus images (left side of Figure 3E) 
show a partial macular star configuration caused by light reflection 
at large accumulations of hyperreflective material in the edematous 
cystoid spaces within the HFL; smaller hyperreflective foci in the 
HFL, INL, IPL, and GCL did not contribute to the hyperreflective 
stellate figure in the fundus scans. At 5.5 months after the first 
visit, there were also large accumulations of hyperreflective 
material in the GCL, IPL, and INL which merged with the material 
in the HFL. The large hyperreflective patches in the GCL, IPL, and 
INL regressed until the end of the examination period. The cystoid 
spaces in the HFL contained medium-reflective fluid and varying 

amounts of hyperreflective foci and patches. Enlargement of the 
edematous cystoid spaces was associated with an elevation of 
the inner foveal layers (Nerve Fiber Layer [NFL] to OPL) which 
caused a thickening of the macular tissue.

The CME of the eye shown in Figure 3F was characterized 
by cystoid spaces in the HFL which were filled with medium-
reflective fluid and patches of hyperreflective material. Smaller 
hyperreflective foci were also present in the inner foveal layers. 
Resolution of the cystoid cavities was followed by a nearly 
complete reabsorption of the hyperreflective material (11.5 
months). Redevelopment of the CME was again associated with 
the formation of cystoid spaces filled with medium-reflective 
fluid and smaller hyperreflective foci; the walls of a large central 
cystoid cavity were lined by hyperreflective dots (19.5 months). 
Larger hyperreflective patches were composed of adjoining dots; 
single dots had a mean diameter of 38.5 µm (range, 33‒48 µm). At 
one site, hyperreflective material in the outer part of the INL and 
OPL continued to the material in the HFL. 

Figure 3G and H show SD-OCT scans recorded in two eyes 
with BRVO and CME. The foveola of the eye shown in Figure 3G 
contained a large cystoid cavity. The hydrostatic pressure within 
the cavity caused a detachment of the inner Müller cell layer from 
the HFL/ONL which was associated with an anterior stretching 
and elongation of the stalk of the Müller cell cone. The detachment 
of the inner Müller cell layer of the foveola was combined with 
an elevation of the inner layers of the foveal walls (NFL to OPL) 
and a schisis between the OPL and HFL of the foveal walls. The 
schistic cavities were filled with medium-reflective fluid; there 
were few hyperreflective dots at various sites in the cavities and 
the INL. 

The scans of Figure 3H were recorded in an eye with BRVO 
and drusen below the foveola; the eye was treated with intravitreal 
ranibizumab (Lucentis). At 1.5 months after the first examination, 
the inner tissue of the foveola contained a hyperreflective structure 
which might be formed from the medium-reflective material 
which drew through the center of the foveola at the first visit. 
Thereafter, an edematous cystoid cavity developed in the foveola, 
which contained medium-reflective material, along with cystoid 
spaces in the INL of the foveal walls (3 months). Subsequently, 
the central cavity enlarged and contained hyporeflective fluid 
(5 months). After resolution of the central cystoid cavity (6.5 
months), it developed again (30.5 months). This was associated 
with the formation of cystoid spaces in the HFL and INL which 
contained hyporeflective fluid in the parafovea and hyperreflective 
material in the perifovea. 

Figure 3I shows a scan recorded in an eye with central 
serous chorioretinopathy which was associated with a dome-
shaped detachment of the RPE from Bruch’s membrane. Large 
hyperreflective deposits were present in the HFL and ONL of the 
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fovea and parafovea. There were broad defects of the ELM, EZ, 
and IZ lines. In addition, there was a gap in the detached RPE 
layer. 

Discussion
The presence of hyperreflective material in the neurosensory 

retina, which is visible on SD-OCT images as foci, dots, or patches, 
is a characteristic of different retinal diseases. In the present study, 
we show that hyperreflective material in the outer macula may 
exhibit a curved shape, forming thin lines or broad bands between 
the OPL and ELM. In AMD eyes, such CHRS were referred to as 
a plume [21]. We describe that CHRS can also be observed on SD-
OCT images of eyes with various other diseases without edema, 
suggesting that it is a more general phenomenon. 

CHRS follow the spatial arrangement of the Henle fibers in 
the HFL and the curved rows of the photoreceptor cell bodies in 
the ONL (Figure 4A and 4B). This suggests that the hyperreflective 

material is deposited in the extracellular space between these 
cellular elements. The dependence of the horizontal extension 
of CHRS from the distance to the foveal center (Figure 1Ba) is 
similar to the horizontal extension of Henle fibers which also peaks 
around 300 µm from the foveal center [38]. This value corresponds 
with the thickness of the HFL in SD-OCT images (Figure 1C). The 
average peak length of Henle fibers was described being about 550 
µm [39]; the peak horizontal extension of CHRS of up to 500 µm 
(Figure 1Ba) is similar to this value. We found that the smallest 
horizontal extension of CHRS was about 150 µm (Figure 1Ba). 
This corresponds with the horizontal extension of the foveola which 
has an average diameter of 350 µm [40] and does not contain an 
OPL [38]. The data suggest that during the formation of CHRS, the 
deposition of hyperreflective material is directed and restricted by 
the cellular elements in the outer neuroretina. Another example for 
a cell-dependent deposition of hyperreflective material is shown in 
Figure 2I in which the material is restricted to the Müller cell cone.

Figure 4: Hypothetical mechanisms of the formation of Curved Hyperreflective Structures (CHRS) in the outer fovea. A. Normal fovea. 
The Müller cell cone in the foveola is shown in pink. Grey lines indicate the main and side processes of the z-shaped Müller cells of 
the foveal walls and parafovea. The spatial arrangement of the Henle fibers in the Henle Fiber Layer (HFL) and the curved rows of 
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the photoreceptor cell bodies in the Outer Nuclear Layer (ONL) is stabilized by the outer processes of these cells which also constitute 
(together with photoreceptor cells) the External Limiting Membrane (ELM). B. Possible mechanism of the formation of thin CHRS 
in response to a local photoreceptor defect. A druse or drusenoid detachment of the Retinal Pigment Epithelium (RPE) causes damage 
to photoreceptors. Scattered RPE cells migrate into the neuroretina toward the Outer Plexiform Layer (OPL) leaving gaps in the RPE 
layer which allow a flux of lipoprotein from choroidal vessels. Macrophages, which phagocytoze serum- and photoreceptor-derived 
lipoprotein, may migrate through the gaps in the RPE layer. C. Broad CHRS are formed by vasodilation associated with hemorrhage from 
the vessels in the inner foveal layers (especially the venules of the deep capillary plexus) due to a sudden increase of the venous pressure. 
The hemorrhage results in a thickening of the foveal tissue and causes a pressure onto the outer neuroretina, as indicated by the outward 
deflection of the ELM. Broad CHRS are likely composed of serum-derived lipoprotein and lipid-laden monocytes/macrophages, as well 
as activated microglia which migrate from the inner to the outer retina. Photoreceptor layer defects occur during or after the formation 
of broad CHRS suggesting that activated microglial cells cause photoreceptor cell degeneration. D. Possible formation of intraretinal 
hyperreflective deposits in eyes with cystoid macular edema. In patients with elevated local or systemic venous pressure, dilation and 
leakage of the vessels of the deep capillary plexus leads to exudation of fluid which predominantly accumulates in cystoid spaces in the 
inner part or the whole thickness of the HFL. Enlargement of the cystoid spaces causes an elevation of the inner foveal layers (Nerve 
Fiber Layer [NFL] to OPL) and thus a thickening of the foveal tissue; this may be associated with an anterior stretching and thickening 
of the foveola. Bundles of erected Henle fibers pass through the cystoid spaces. Macrophages or activated microglia that have engulfed 
lipoprotein migrate through the retina and accumulate within the cystoid spaces. In certain eyes, migrating RPE cells may contribute to 
the formation of hyperreflective patches in the HFL. EZ: Ellipsoid Zone; GCL: Ganglion Cell Layer; INL: Inner Nuclear Layer; IPL: 
Inner Plexiform Layer; IZ: Interdigitation Zone.

We found two basic morphologies of CHRS, thin and broad 
CHRS. Thin CHRS were present in eyes with outer retinal defects 
resulting from dry AMD (images 1-8 of Figure 1A; Figure 2E), 
CNV (Figure 2A), chorioretinitis (image 9 of Figure 1A), and 
AOFVD (Figure 2C). Thin CHRS were also found in eyes which 
suffered from ocular ischemia (Figure 2B), AION (images 11 and 
12 of Figure 1A), PDR (image 13 of Figure 1A), macular scarring 
(image 10 of Figure 1A), and glaucoma (images 14 and 15 of 
Figure 1A). Broad CHRS were found in eyes with hemorrhage in 
the inner foveal layers (Figure 2F-2H). The different morphologies 
and the diverse retinal diseases of eyes with thin or broad CHRS 
may suggest distinct mechanisms of pathogenesis.

CHRS were associated with a focal loss of photoreceptor 
integrity, as indicated by irregular reflectivity, deformation, and/
or disruption of EZ and IZ lines. Photoreceptor layer defects 
were observed to be present before the formation of thin CHRS 
(Figure 2A, C) and during (Figure 2H) or after the formation of 
broad CHRS (Figure 2F). The latter may suggest that broad CHRS 
initiate the deconstruction of photoreceptor segments. In the eye of 
Figure 2H, hemorrhage in the inner foveal layers was associated 
with a pressure onto the outer neuroretina and deconstruction of 
photoreceptor segments. However, the photoreceptor-free area 
below the CHRS at the end of the examination period was smaller 
than the EZ- and IZ-free area one month after the first visit. This 
may suggest that the long-lasting deconstruction of photoreceptor 
segments is induced by CHRS and not by the pressure onto the 
outer neuroretina. We found that the BCVA of eyes with CHRS 
in the foveola varied considerably (Figure 1Bb). This variation 
cannot be explained with the site and size of the photoreceptor 
layer defect associated with CHRS. Further factors like the size of 
drusen or drusenoid RPE detachments in the foveola also influence 

BCVA which may explain the high variation.

CHRS were only found in eyes without retinal edema. This 
was even observed in individual eyes. The scans of the eye with 
hemorrhage of the inner foveal vessels shown in Figure 2G display 
broad CHRS in the more superior fovea, which did not contain 
cystoid cavities, while the more inferior fovea contained such 
cavities, but not CHRS. In the eye with CNV associated with a 
serous detachment of the fovea shown in Figure 2A, CHRS was 
formed after resolution of the subretinal edema.

It is unclear why the deposition of hyperreflective material 
in the outer neuroretina follows the cellular arrangement in some 
eyes (e.g., Figure 2C, left side of Figure 2E), but not in other eyes 
(e.g., Figure 2D, right side of Figure 2E). In eyes with edema, 
CHRS may not be formed because extracellular accumulation of 
excess fluid alters the spatial arrangement of the fibers and cells 
in the outer retina. Further causes may be possible. For example, 
differences in the hydrostatic pressure between the blood in the 
choroidal vessels and the neuroretina may push blood-derived 
material and RPE cells into the outer neuroretina which disrupts 
the cellular structure of the tissue.

The pathogenesis of CHRS is currently unclear. In 
dependence to the morphology of CHRS and the type of retinal 
disease, there are various potential etiologies.

1.	 CHRS may represent lipoprotein exudates. Breaks in the 
RPE layer may allow lipoprotein extravasation from the choroidal 
vessels; the intraretinal spread is restrained by the OPL, which 
is a fluid conductivity barrier [41], resulting in deposition of 
extravasated lipoprotein in the ONL and HFL (Figure 3I). Leakage 
of vessels in the inner foveal layers may give rise to exudation of 
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lipoproteins which participates in the formation of broad CHRS 
(Figure 2F-2H). The expulsion of hyperreflective material into the 
outer neuroretina through breaks in the RPE layer may be supported 
by high blood pressure. In patients with diabetic retinopathy, 
elevated serum lipid levels were described to be associated with an 
increased risk of intraretinal deposition of hyperreflective material 
(hard exudate) [2,26,30,42-44]; this suggests that the intraretinal 
hyperreflective material is (at least in part) derived from serum 
lipoproteins.

2.	 CHRS may be formed by migrating RPE cells. It was 
suggested that the hyperreflective structures in the outer neuroretina 
of AMD eyes are formed by RPE cells which migrated towards the 
inner retina; the migration of the cells may leave gaps in the RPE 
layer [6,8,9,17,21,45,46,]. It was shown that hyperreflective foci 
in all retinal layers of AMD eyes including such which surround 
capillaries in the inner foveal layers are formed by migrating 
RPE cells [6,21]. Intraretinal hyperreflective foci associated with 
acquired vitelliform lesions were supposed to be migrating RPE 
cells which contain highly reflective melanosomes, lipofuscin, and 
melanolipofuscin granules [5]. The assumption that thin CHRS are 
formed by migrating RPE cells is supported by various findings: 
In areas of drusen or drusenoid RPE detachments, CHRS were 
connected to the RPE (images 3, 6, 7, 9 of Figure 1A; Figure 2E); 
in various eyes, CHRS did not reach the OPL (images 5, 10, 11, 15 
of Figure 1A), suggesting that it might be formed by an anterior 
growth from the ELM; in one eye, CHRS was apparently formed 
from irregularly shaped hyperreflective material which lay near the 
ELM and which grew time-dependently towards the OPL (Figure 
2A). Thin hyperreflective lines were composed of separated dots 
(images 2, 5, 14 of Figure 1A), which may represent single RPE 
cells which lay in line, while broader lines were composed of 
adjoining dots (e.g., images 1 and 15 of Figure 1A) which may 
represent grouped RPE cells. On the other hand, there were no 
morphological alterations of the RPE in eyes with broad CHRS 
(Figure 2F-2H), suggesting that RPE cell migration did not 
contribute to the formation of these structures.

3.	 CHRS may represent migrating lipoprotein-laden 
phagocytes, i.e., infiltrating monocytes/macrophages and/
or activated microglial cells. At least parts of hyperreflective 
foci in the retina of diabetic patients are supposed to represent 
phagocytes like macrophages or activated microglia that have 
engulfed lipoprotein [28-33]. In wet AMD, hyperreflective dots, 
which scatter through the retina and accumulate in cystoid spaces 
in outer retinal layers, were suggested to be formed by microglia 
[15]. Activated microglia migrate from the inner to the outer retina 
and phagocytize cell debris [47]. Microglia migration may be 
triggered by photoreceptor deconstruction because photoreceptor 
proteins are potent immunogens [48,49]. Phagocytotic monocytes/
macrophages and microglia contribute to photoreceptor cell 
degeneration by the release of cytotoxic cytokines [50-52]. 

Microglial cells containing photoreceptor debris exit the retina via 
retinal and choroidal vessels, reach the spleen, and act as antigen-
presenting cells [53,54].

We found in various eyes that CHRS in the outer macula 
were composed of hyperreflective dots (Figure 1A); the mean 
dot diameter was 31 µm. This value is similar to the diameter of 
hyperreflective foci in the retina of eyes with DME (approximately 
30 µm [2]. Hyperreflective dots in the macula of eyes with retinal 
vascular diseases have a diameter of about 27 µm [32], and 
macrophages have a diameter of about 21 µm [55]. CHRS in the 
outer macula may be formed by activated microglial cells, which 
show cell body enlargement [47], and/or macrophages which are 
enlarged after phagocytosis of lipoprotein derived from the blood 
or degenerated photoreceptors, and which migrate from defects in 
the RPE or the capillaries in the INL into the outer neuroretina. 
The right side of Figure 2E shows the presence of a hyperreflective 
patch in the INL after partial regression of hyperreflective material 
in the HFL. It could be that it is caused by lipoprotein-laden 
microglia which leave the retina via the vessels in the INL.

 Thin CHRS are often thicker at the ELM and thinner in 
the HFL, and may not reach the OPL (images 5, 10, 11, 15 of 
Figure 1A). In addition, photoreceptor layer defects were observed 
in two eyes before the formation of thin CHRS (Figure 2A, C). 
These findings may suggest that thin CHRS evolve in response 
to a local photoreceptor defect by infiltration of macrophages or 
RPE cells into the outer neuroretina (Figure 4B). Broad CHRS 
are thicker in the HFL and thinner at the ELM, and photoreceptor 
layer defects occur during or after the formation of broad CHRS 
(Figure 2F, H). These findings may suggest that broad CHRS are 
composed of activated microglia, which migrate from the inner 
to the outer retina, and monocytes/macrophages which enter the 
retinal parenchyme from the vessels in the inner foveal layers 
(Figure 4C). The finding that photoreceptor layer defects may 
occur during or after the formation of broad CHRS (Figure 2F, H) 
is in agreement with previous studies which showed that activated 
microglial cells cause photoreceptor cell degeneration [50-52]. 

There are further possibilities which may explain the nature 
of CHRS. It could be that in eyes with retinal hemorrhages, 
accumulation of heme contributes to the formation of broad CHRS. 
The formation of thin CHRS may also reflect the translocation 
of lipofuscin granules and mitochondria in photoreceptor cells 
[56,57]. In addition, reactive Müller cell processes may contribute 
to the formation of thin CHRS. Focal photoreceptor damage and 
migrating phagocytes and RPE cells may induce gliosis associated 
with a thickening of the outer Müller cell processes which draw 
through the HFL and ONL from the OPL and ELM (Figure 4A) 
[38]. It was shown that hyperreflective dots in the inner layer of the 
foveola are caused by light reflections at optically dense structures 
of Müller cells [58] which are likely formed by upregulated 
intermediate filaments. Increased intermediate filament expression, 
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which is a characteristic of Müller cell gliosis [59], correlates with 
a higher stiffness of Müller cells [60] which will increase the 
capacity of the cells to resist tractional forces and to guarantee 
the structural stability of the tissue. In addition, Müller cells are 
known to phagocytize serum-derived material [47]. Therefore, 
CHRS could also represent thickened Müller cell processes which 
contain phagocytozed lipoprotein that flowed through RPE gaps 
into the neuroretina. Further investigations are needed to determine 
the pathogenesis of CHRS. 

The retina of eyes with CME contained hyperreflective foci 
and cystoid spaces with hypo- (Figure 3D, G, H) or medium-
reflective fluid (Figure 3E, F) and deposits of hyperreflective 
material (Figure 3C-3H). Hyporeflective cystoid spaces likely 
contain extracellular fluid. Medium-reflective fluid may contain 
exudate of serum lipoprotein dissolved in extracellular fluid while 
the hyperreflective material may be formed by accumulation of 
extravasated lipoprotein and/or lipoprotein-laden phagocytes. 
Edematous cystoid spaces are preferentially localized in the HFL 
of the foveal walls, para-, and perifovea (Figsure 3C-3H and 4D) 
and in the foveola (Figure 3F-3H); in one eye, cystoid spaces were 
also present in the INL (Figure 3H). Hyperreflective material in 
the HFL may form a stellate figure of hard exudates in the macula 
according to the spatial arrangement of Henle fibers (Figure 3E) 
[61,62]. Hyperreflective material may disappear within weeks 
(Figure 2F) or months (Figure 3B). 

In eyes without (Figure 3A, B) and with CME (Figure 3C-
3G), the largest amount of hyperreflective material is found in 
the HFL (Figure 4D) [22-25]. Hyperreflective material may form 
continuous structures which extend from the INL to the HFL 
(Figure 3A-3H), suggesting that the main source of the material 
in the HFL are leaky vessels in the INL. In the eye of Figure 3B, 
lipoprotein exudation from the choroidea or RPE cell migration 
toward the neuroretina may contribute to the hyperreflective 
material in the HFL, as indicated by the continuities between the 
materials in the HFL and subretinal space. In various eyes, the 
hyperreflective material in the INL, OPL, and HFL was composed 
of adjoining dots (Figure 3B, F), suggesting that parts of the 
hyperreflective patches represent aggregated phagocytes. In eyes 
with outer retinal disorders, hyperreflective material in the HFL 
may be derived from leakage of RPE (Figure 3I). 

The preferential deposition of hyperreflective material in 
the HFL was suggested to result from vasodilation associated 
with leakage or hemorrhage from the vessels of the deep capillary 
plexus in patients with increased local or systemic venous 
pressure [2,26,37]. The deep capillary plexus provides the main 
venous outflow from the retinal vessels and is at the greatest risk 
of bleeding due to a sudden rise of the venous pressure [63,64]. 
The preferential deposition of the hyperreflective material and the 
formation of edematous cystoid spaces in the HFL is supported 
by the histological feature of this layer. The HFL is a layer with a 

low mechanical cohesion because it is composed of Henle fibers 
which are not connected and which can be shifted or even erected, 
e.g., in eyes with anterior traction to the retina or intraretinal 
fluid accumulation resulting in foveoschisis or edematous cystoid 
spaces [65,66]. Erection of Henle fibers results in a large increase 
of the extracellular space volume in the HFL which can serve as a 
depot for high amounts of excess fluid, blood-derived lipoprotein, 
and phagocytes. 

Conclusion 

CHRS may be present in eyes with different retinal disorders 
without edema. CHRS form thin curved lines or broad bands in the 
HFL and ONL of the macula which follow the spatial arrangement 
of Henle fibers and the rows of photoreceptor cell bodies. In eyes 
with AMD, thin CHRS may be associated with drusen or drusenoid 
RPE detachments. The formation of broad CHRS is caused by 
hemorrhages in the inner foveal layers. CHRS are associated with 
a focal loss of photoreceptor integrity which is present before the 
formation of thin CHRS and during or after the formation of broad 
CHRS. The retina of eyes with CME may contain hyperreflective 
foci and cystoid spaces which comprise hypo- or medium-reflective 
fluid and hyperreflective material, but not CHRS.
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