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Dark without pressure (DWP) is the more darkly pigmented area of the retina in the fundus, typically 
exhibits relatively distinct boundaries, and varies in shape, size, and distribution across different 
individuals. Previous studies have concluded that DWP alone has no impact visual acuity, visual 
field, or other visual functions. This study aims to reveal the multimodal imaging manifestations of 
DWP in high myopia and to explore its impact on retinal function. This is a prospective study. Eleven 
high myopia patients with DWP were recruited. Detailed ophthalmological examinations, such as 
visual acuity, intraocular pressure, slit lamp microscope, and fundoscopy, were performed in all 
participants to exclude other ocular diseases or retinopathies. Multimodal imaging including swept 
source optical coherence tomography (SS-OCT), adaptive optics (AO) fundus imaging was applied to 
analyze morphologic manifestations of DWP. Retinal photosensitivity was detected by perimetry or 
microperimetry. Eight of the participants were followed for at least 5 months and up to 32 months. The 
DWP appeared as water trace pattern that was darker in color than the surrounding normal fundus. The 
punctate light reflectivity of the photoreceptor mosaic in AO fundus imaging was missing, and the light 
reflectivity in ellipsoid zone (EZ) of SS-OCT B scan was attenuated or even disappeared simultaneously. 
Perimetry revealed reduced retinal photosensitivity in the DWP lesions. At 5-month follow-up, the area 
of DWP lesions could appear to expand or shrink. Where the DWP faded away, the reflectivity of EZ on 
SS-OCT returned to normal hyperreflectivity, accompanied with a recovered retinal photosensitivity. 
The imaging basis for DWP in high myopia is the presence of microscopic lesions in the outer retina 
which could be shown morphologically with optical imaging and functionally with microperimetry. It is 
variable in size and may be reversible in function in the fundus.
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Abbreviations
DWP	� Dark without pressure
SS-OCT	� Swept source optical coherence tomography
AO	� Adaptive optics
EZ	� Ellipsoid zone
FFA	� Fundus fluorescein angiography
OCTA	� Optical coherence tomography angiography
BCVA	� Best-corrected visual acuity
LED	� Light emitting diode
cSSO	� Confocal scanning superluminescent ophthalmoscopy
NIR	� Near-infrared
HFA	� Humphrey field analyzer
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SITA	� Swedish interactive threshold algorithm
SVC	� Superficial vascular complex
ILM	� Inner limiting membrane
GCC	� Ganglion cell complex
DCP	� Deep capillary plexus
INL	� Inner nuclear layer
OPL	� Outer plexiform layer
ICP	� Intermediate capillary plexus
RPE	� Retinal pigment epithelium
OS	� Outer segment
IPM 	� Interphotoreceptor matrix
IS	� Inner segment
SCE	� Stiles–Crawford effect

Dark without pressure (DWP), the more darkly pigmented area of the retina in the fundus, typically exhibits 
relatively distinct boundaries, and varies in shape, size, and distribution across different individuals1. Nagpal et 
al. defined the term to describe these areas, drawing an analogy with “white without pressure” fundus lesions2. It 
was first identified in the fundus of patients with hematological diseases3,4. Subsequently, it has been reported in 
a range of conditions, including retinal astrocytic hamartoma, multiple evanescent white dot syndrome, uveitis, 
congenital hypertrophy of the retinal pigment epithelium, Ebola retinal lesions, choroidal osteoma, congenital 
cataract, Marfan syndrome, and high-risk B acute lymphoblastic leukemia patients’ fundus1,5–8.

The mechanism underlying the pathogenesis of DWP remains unclear. Early investigations falsely assumed 
that the presence of hemosiderin in the deeper retinal layers, consequent to hemorrhage, or deep subretinal 
hemorrhage with a central preretinal extension, was responsible3,4. Subsequent studies confirmed that DWP 
is not related to the state of the vitreous, but suggested a possible link with retinal vessel occlusion2,9. Steptoe 
et al. reported that perilesional areas of DWP were present in 88.7% of Ebola retinal lesions, and the extent of 
DWP appeared to correlate with the density of the Ebola retinal lesions7. It has been speculated that DWP may 
be a secondary manifestation of an ongoing or previous intraretinal stimulus of an infection10. Others have 
also suggested that DWP is an acquired condition that arises during ocular development, rather than being 
congenital, as it is often associated with pathological changes in the ocular structures, such as high myopia and 
tumors, while its shape and size could be variable8,11.

With the rapid advances in ophthalmic examination techniques, especially the application of widefield and 
ultra-high resolution fundus imaging systems, we now have an opportunity to perform more comprehensive 
observational research on DWP. Previous studies have concluded that DWP consistently manifested as ellipsoid 
zone (EZ) hyporeflectivity in optical coherence tomography (OCT) B-scan images, and simple DWP has no 
impact on visual acuity, visual field, or other visual functions. Abnormal findings are generally not detected with 
fundus fluorescein angiography (FFA) and optical coherence tomography angiography (OCTA)1. However, our 
recent study of DWP in high myopia has different results in OCTA and visual field from previous, and recorded 
its reversible evidences in morphological and functionally.

Methods
This prospective study was performed according to the tenets of the Declaration of Helsinki with approval of 
the Institutional Review Board of Henan Eye Hospital (HNEECKY-2020 (38)). Written informed consent was 
obtained from each participant.

All subjects were selected from the recruitment of adult high myopia patients. High myopia was diagnosed 
by comprehensive optometric (negative spherical equivalent ≥ 6.0 D). Eleven high myopia patients with DWP 
(16 eyes) participated in this study. All participants had the best-corrected visual acuity (BCVA) greater than 
1.0 decimals. Two experienced ophthalmologists perform a detailed ophthalmological examinations, such as 
intraocular pressure, slit lamp microscope, and fundoscopy, were completed to exclude other ocular diseases 
or retinopathy. The morphologic manifestations of DWP were recorded by multimodal images such as color 
fundus photography, swept source (SS)-OCT (VG200D, SVision Imaging, Henan, China), and adaptive optics 
(AO) fundus camera (rtx1, Imagine Eyes, Orsay, France). Retinal photosensitivity was detected by perimetry 
examination. Eight of the participants were followed for at least 5 months and up to 32 months.

Fundus photography
Fundus photographs were obtained using the ultra-widefield fundus photographs (Optos California, Optos 
PLC, Dunfermline, United Kingdom), with single viewing angle no less than 200°, and high-definition true-
color fundus camera (Clarus 500, Carl Zeiss Meditech, Dublin, CA). The latter using three color light emitting 
diodes (LEDs) of red (585–640  nm), green (500–585  nm) and blue (435–500  nm), as well as infrared laser 
diodes (785 nm) to obtain true-color fundus images in the red, green, and blue channel decomposition modes 
and infrared reflectography. The view angle of a single image was 135° and multiple fundus images can be 
automatically synthesized into an ultra-widefield montage of up to 267°12.

SS-OCT
Fundus confocal scanning superluminescent ophthalmoscopy (cSSO), B scan, En face and OCTA images were 
performed using SS-OCT , for which the central wavelength was 1050 nm, and scan speed ≥ 200,000 A-Scan/s. 
The excitation wavelength of cSSO was 820 nm. OCTA was performed in the 26 mm × 21 mm 1536 × 1240 R2 
mode, with each scan containing 1240 B scan lines, and each line containing 1536 A scans, the scan was repeated 
2 times. The optical resolution for OCT was 5 μm longitudinally and 20 μm transversely. The digital resolution 
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of OCTA was 11.71913,14. The stratification of the retinal layers was performed automatically by the embedded 
algorithm15. Retinal vascular density was analyzed through stratified segmentation, with the superficial vascular 
complex (SVC) defined as extending from 5 μm above the inner limiting membrane (ILM) to the outer third 
of the ganglion cell complex (GCC), while the deep capillary plexus (DCP) encompassed the region from the 
midpoint of the inner nuclear layer (INL) to 25 μm below the INL/outer plexiform layer (OPL) interface. The 
intermediate capillary plexus (ICP) occupied the space between these two vascular layers. The outer retina was 
delineated as the area spanning from 25 μm below the INL/OPL junction to 10 μm above the retinal pigment 
epithelium (RPE). Two experienced physicians determined the accuracy of the stratification, and manually 
rectified incorrect stratification when needed.

AO fundus imaging
AO fundus camera imaging system used en face reflectance imaging with noncoherent near-infrared illumination, 
and the captured single image was 4° × 4° field of view13,16,17. The equivalent pixel spacing was 1.1 μm, and optical 
resolution was 250 line pairs/mm. The system featured a refractive error pre-compensation range of -12 D to + 6 
D and a focus adjustment range of ± 800 μm. During image acquisition, refractive errors were first corrected, 
followed by depth fine-tuning to optimize cone mosaic visibility. By adjusting the fixation target through retina 
vascular pattern of fundus photographs and SS-OCT cSSO images, to localize the DWP area and capture cone 
mosaic images.

Static perimetry
Patients with extensively distributed DWP close to the macula were selected for 30° and 60° Humphrey 
field analyzer (HFA 3 840, Carl Zeiss Meditec, Jena, Germany) and microperimetry (MP-3, Nidek, Japan) 
examinations18,19. The HFA 3 examinations were performed setting 31.5 asb background illumination, Goldman 
III white light, and Swedish interactive threshold algorithm (SITA) Standard program. The MP-3 examinations 
were performed settings 31.4 asb background illumination, Goldman III white light, and 4–2 (fast) strategy. The 
detection points were personalized set near the DWP boundary manually.

Results
Among the eleven subjects, there were five males (eight eyes) and six females (eight eyes), with an average age of 
25.47 ± 2.49. Demographic data are shown in Table 1. In these high myopia patients, DWP was mostly located in 
the mid-peripheral retina and did not affect macula. It appeared as water trace pattern that was darker in color 
than the adjacent normal fundus (Fig. 1). While most DWP showed sharp and clear boundary, some presented 
with blurred transitions on the boundary. The shape of DWP varied, could manifest in a fan-shape or irregular 
pattern in a large and extensive area.

Multimodal imaging manifestations of DWP
DWP could be identified easily in true-color and ultra-widefield fundus photographs (Fig. 1 A-D and E, Fig. 2A), 
including red channel and red-free channel (Fig.  2 B and C), as well as cSSO images of SS-OCT (Fig.  2D). 
Compared with the red channel, it was clearer in red-free imaging. In SS-OCT B-scan, the EZ hyper-reflectivity 
showed attenuation or even disappearance corresponding to the DWP area, with the choroidal vessels dilated 
(Fig. 2E). In AO fundus imaging, it showed loss of punctate reflectivity of the cone photoreceptors mosaic in 
DWP region (Fig. 2F).

Patient ID Age (years) Gender Eye SER(D) AL(mm) Fundus images

1 23 F OD  − 6.00 27.22 Figure 1A, E; Fig. 3A–F

1 23 F OS  − 6.00 27.20 Figure 2A, B, C; Fig. 4C1–C4

2 23 M OD  − 8.75 28.19 Figure 2D, E, F; Fig. 4 B1, B2

2 23 M OS  − 8.50 28.46 Figure 1D

3 24 F OD  − 9.25 25.48

4 24 F OD  − 6.00 25.81 Figure 4A1, A2

5 24 F OD  − 7.25 26.84 Figure 2G–L

5 24 F OS  − 8.25 27.40

6 24 M OD  − 8.25 28.35

6 24 M OS  − 7.25 27.85

7 25 M OD  − 6.00 26.75

7 25 M OS  − 7.00 26.98

8 25 F OS  − 9.00 26.26

9 27 M OD  − 6.50 26.83 Figure 1B

10 27 M OS  − 9.00 27.31

11 32 F OD  − 7.25 25.19 Figure 1C

Table 1.  Demographic data of high myopia patients with dark without pressure. SER, spherical equivalent 
refraction; AL, axial length; F, female; M, male; OD, right eye; OS, left eye.
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Fig. 1.  The manifestation of dark without pressure (DWP) in high myopia fundus. (A–D) True-color fundus 
photographs from four representative patients show DWP lesions as irregular, water-track-like areas with 
distinct borders (demarcated by white arrows). (E) ultra-widefield follow-up photograph at 27 months 
demonstrates dynamic changes in lesion morphology in the same patient as panel (A).
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Fig. 2.  Multimodal imaging features of DWP. (A–C) Fundus photographs demonstrate DWP as darker areas 
in true-color, red channel, and red-free imaging. (D) Swept-source optical coherence tomography (SS-OCT) 
confocal scanning superluminescent ophthalmoscopy (cSSO) image. (E) SS-OCT horizontal B scan (red box 
in panel D) shows disappearance of ellipsoid zone (EZ) and interdigitation zone reflective signals in the DWP 
region (left of white arrow), with dilated choroidal vessels. (F) Adaptive optics (AO) fundus image (red box 
in panel D) demonstrates loss of cone masic reflectance in the DWP area (left of yellow dashed line). (G–I) 
Optical coherence tomography angiography (OCTA) images. Vascular perfusion in the DWP region remains 
intact in the superficial vascular complex (SVC) layer, but is significant reduced in both the deep capillary 
plexus (DCP) and outer retinal layer. (J–L) En face SS-OCT images. Reflectivity of DWP lesion is unchanged 
in the ganglion cell complex (GCC) layer, slightly decreased in the inner nuclear (INL) layer, and markedly 
reduced in the outer retinal layer.
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In SS-OCTA imaging, there was no obvious change of the SVC (Fig. 2G) and ICP slab in the inner retina. 
However the DCP (Fig.  2H) and the outer retina (Fig.  2I) layers’ blood perfusion were reduced in different 
degrees. And there was a slight increase in the choriocapillary layer. In SS-OCT En face imaging, DWP presented 
a corresponding hyporeflective mainly in the outer retinal layer, while no obvious changes in the GCC layer. The 
INL was intermediate between these two cases, showing slight variations (Fig. 2J–L).

DWP lesions could expand or shrink over time. Where the DWP faded away, the reflectivity of EZ on SS-
OCT also returned to normal hyperreflectivity (Fig. 3).

Changes of retinal photosensitivity
In function tests, four eyes completed 30° HFA, eight eyes completed 60° HFA, and two eyes completed 
microperimetry. From the greyscale map of HFA, slightly decreased areas of retinal photosensitivity roughly 
overlapped with the DWP lesion areas. At a maximum follow-up of 32 months, retinal photosensitivity also 
recovered in areas where DWP had resolved (Fig. 4).

Discussion
DWP is characterized by relative dark areas in fundus photographs (including red, red-free, and full color), 
and fine abnormalities in SS-OCT cSSO, and En face images. Although affected by variations related to the 
fundus site and pigmentation, the fundus reflectance is low at the short wavelengths (445 nm) and high at long 
wavelengths (> 640 nm). The fundus has a pronounced reflectance between 790 and 1070 nm, and no reflectance 
above 1200 nm20.

Using an ultra-high resolution AO fundus imaging system, we observed the disappearance of cone reflectivity 
in the DWP lesions area of the myopic eyes. This might be the reason that DWP appeared in dark appearance 
in the fundus. The underlying mechanisms of this phenomenon are unclear, but the reflectivity changes in cone 
photoreceptors may be related to the alterations themselves or their surrounding micro-environments21,22. Its 

Fig. 3.  SS-OCT follow-up imaging of DWP progression. (A–C) cSSO imaging at baseline, 5-month, 
and 32-month follow-up. The DWP area changes over time, either expanding or contracting, and almost 
disappeared at the 32-month. Yellow dashed lines indicate the initial DWP bondary; blue dashed lines mark 
the 5-month follow-up boundary. (D–F) B scan images (green lines in panels A–C). Yellow arrows denote the 
initial DWP boundary; blue arrows indicate the 5-month boundary. In the DWP lesion regressed area (F), EZ 
reflective signals recover to normal hyperreflectivity.
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known that, subtle changes in the length of the outer segment (OS) caused by the daily renewal and shedding 
of OS discs can lead to alternating light and dark changes in the reflectivity of individual cones23–25. Alterations 
in disc membrane properties due to changes in disc-to-disc spacing can lead to variations in the waveguide 
properties of photoreceptors26, spatial variations in the absorptivity of cone photopigments21

, changes in the 
chemical composition of the interphotoreceptor matrix (IPM)27, and optical interference effects, which may 
cause changes in cone reflectance over time28.

In SS-OCT B scan, DWP areas showed EZ hyporeflectivity, which is consistent with previous studies1. 
Due to differences in the refractive index, the various layers of retinal tissue appeared as reflective bands of 
varying brightness in the OCT B scan. EZ, the second hyperreflective band of the outer retina, represents 
the structural and functional integrity of the mitochondria in photoreceptors29,30. Changes in reflection may 
indicate pathological or metabolic changes within the organelles, such as mitochondria, leading to a decline 
of photoreceptor function29,31,32. For example, patients with autosomal recessive Oguchi disease present with 
a golden yellow reflex fundus due to abnormal retinoid pigments circulation in the retinal photoreceptor cells. 
The fundus may return to normal appearance after prolonged dark adaptation, i.e., the Mizuo-Nakamura 
phenomenon, and the EZ would return to normal from hyperreflectivity33,34. From this, we speculate that the 
attenuation or even disappearance of the EZ reflectivity in the DWP of the high myopic could be associated with 
retinal abnormalities, including morphological structure changes of the cone photoreceptors.

DWP rarely involves the macula. Although DWP is primarily distributed in the retina dominated by rods, 
it is believed to be associated with alterations in cone photoreceptor imaging. This is because the boundaries 
are sharp and clear in the mesial margin where cones still exist, whereas the peripheral areas with fewer cones 
mostly have blurred transitions. Additionally, rods have a smaller IS and lower mitochondrial density than cones, 
making them difficult to image with current OCT and AO technologies. It is known that the reflection of light 
from interfaces of the IS/OS and the OS/retinal pigment epithelium corresponds to the EZ and interdigitation 
zones (the third hyperreflective zone of the outer retina), respectively21. By changing the direction of the incident 
light, the reflection intensity of the interdigitation zone can be altered due to the Stiles-Crawford effect (SCE)35. 
Cones can also maintain the rectilinearity of the IS and OS due to the SCE, which is almost absent in rods36,37. 
Chai et al. found that the murine photoreceptor IS’s orientation undergoes light-dependent movement, but the 
OS has a seemingly light-independent orientation. The different orientations of the IS and OS gave rise to the 
non-rectilinearity of the photoreceptors, but this did not affect function36. In addition, the IS misalignment 
may involves mechanical forces extrinsic to the photoreceptors caused by the cellular motility such as Müller 
glial cell36. Ball et al. found that the cone directional sensitivity is dependent on the effective mitochondrial 
refractive index, which can be changed depending on respiration state and protein concentration. The active 
mitochondria, which are elongated and tightly packed, have a larger refractive index. However, light stimulation 
during childhood permanently determines the orientation of the photoreceptors to a large extent29. Wilson et 
al. indicated that isolated mitochondria contribute significantly to light scattering in the range of 5–90°, and 
mitochondrial swelling caused by oxidative stress resulted in significant changes in angle-resolved scattering38. 
On the other hand, Yu et al. showed that longer axial length was a risk factor for DWP39. Taking together, we 
propose that the DWP of high myopia may be related to the decreased light reflectance of cones, which may be 

Fig. 4.  Retinal photosensitivity changes associated with DWP. (A1, A2) cSSO image and microperimetry 
results of patient 4. Yellow dashed lines indicate the DWP boundary. Green dots mark test locations and near 
numbers indicating photosensitivity thresholds (dB). The DWP region shows a 2–4 dB reduction in retinal 
sensitivity (one vessel-associated point excluded). (B1, B2) Fundus photographs and 30° visual field greyscale 
map of patient 2. The DWP area display a midly decreased retinal photosensitivity. Colored asterisks denote 
corresponding anatomical positions. (C1–C4) Fundus photographs and 60° visual field greyscale maps of 
patient 1 before and after 32-month follow-up. Regression of DWP in the temporal superior retina (asterisks 
marked) correlates with partial recovery of photosensitivity.
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caused by the abnormal morphology or function of mitochondria due to mechanical forces in the process of eye 
axial elongation.

Previous studies have suggested that DWP does not affect visual acuity or visual fields1. However, we found 
that DWP of high myopia lead to a decrease in the photosensitivity of the corresponding retina. This was based 
on the face that the grayscale maps in perimetry were almost exactly corresponding to the DWP areas, and 
the retinal photosensitivity recovered in the diminished DWP area after a long-term followed-up. The MP-3 
microperimetry’s restricted testing range (± 20°) confined our evaluation to macular-proximal DWP lesions. 
For peripheral lesions, we relied on HFA-derived visual fields, interpreting defect locations through established 
retinotopic mapping principles (superior visual field corresponds to the inferior retina), though this method’s 
spatial precision is inherently limited by the absence of fundus tracking.

Although cone reflectance is an indicator of retinal health, the absence of cone reflection signals in OCT or 
AO fundus imaging does not necessarily indicate that cones are absent or non-functional28. Some studies have 
shown that cones positioned directly in the shadow of the retinal vessels have decreased photosensitivity, and 
those in the penumbra also experienced changes in the photosensitivity40. In Idiopathic Macular Telangiectasia 
Type II, an early onset of the outer retinal disease, cone reflection is diminished or lost, but these cones may 
regain their normal scattering properties over time, as demonstrated by AO microperimetry and/or OCT 
images. It suggested that cones with abnormal OS experience a loss of visibility but not necessarily a complete 
loss of function41. Tu et al. reported that a patient with acute bilateral foveolitis showed a reduced but measurable 
sensitivity threshold in the area of apparent cone loss within the fundus lesion42. Another study confirmed 
the presence of microscopic spots in the retina of a patient with middle-wavelength-sensitive cone mutations 
resulting in the disruption of the cone mosaic. Although an estimated 30% of the cone photoreceptors were 
damaged, the dichromatic patient had normal visual acuity and visual field, suggesting that small spot perimetry 
may be necessary to determine the functional impact of subtle changes in the photoreceptors. It has recently 
been observed in some non-human primates that permanent shadows result in a form of local amblyopia 
involving only a few cones43. Thus, comparative studies of the microscopic morphology and function may 
be of greater significance. Currently, non-invasive visualization of cones using two-photon autofluorescence 
imaging44, or the non-invasive detection of scattering changes in the retinal tissue using NIR without initiating 
phototransduction, have been conducted45. These in-coming technological advancements may provide an in-
depth understanding towards DWP.

This study has two main limitations in retinal function assessment: (1) potential measurement bias from 
subjective testing methods, and (2) wide-field perimetry (160–180°) demonstrated reduced reliability in high 
myopia due to optical distortions from corrective lenses and posterior scleral staphyloma.

In conclusions, DWP in high myopia represents the attenuation of light reflective signals of retinal 
photoreceptor in SS-OCT and AO imaging, accompanied by a decrease in photosensitivity. It was observed to be 
reversible. Its imaging basis might lie on the presence of microscopic lesions in the outer retina.

Data availability
The data of this study are available from the corresponding author upon reasonable request.
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