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Abstract

Background/Objectives: Visual sensations from ocular structures are entoptic. They may include
retinal vascular shadows, perifoveal leukocyte migration, and phosphenes during eye movement
causing retinal deformation. Abnormal neural activity in the visual cortex and retina have been
linked to migraine aura. This study described monosymptomatic episodes of an endogenous
transparent flicker overlaid on an otherwise intact visual field in medical retina patients. Methods:
Retrospective evaluation of four patients’ records with comparable descriptions of seeing a flickering
overlay in part of their visual field and individual descriptions of their experience with reference to
an animated flicker simulation. Results: Four patients reported seeing a dim rhythmic flicker over
their normal binocular vision. The effect was strongest in low ambient light and faded in bright light
and when one or both eyes were covered. Duration was seconds to minutes. Some flicker crossed the
vertical midline and appeared to be from one eye. All four patients noticed a simulation flickering at
7 Hz similar to their flicker, however the frequency ranged from 5 to 10 Hz and varied in position,
prominence, and frequency. Flicker occurred in three patients during aerobic exercise and in two
patients during nighttime awakenings without room lighting. Flicker was unrelated to ocular or
systemic conditions. The flickering had no association to the migraine patients’ visual auras.
Conclusions: Dim flicker is a rhythmic translucent overlay on an otherwise normal visual field.
Unlike a migraine aura, it does not spread or cause a headache. Associated ocular conditions were
retinal venous congestion, central serous chorioretinopathy, and migraine with aura.

Keywords: migraine; retina; retinal vein occlusion; visual illusion; visual percept; venous congestion;
visual aura

1. Introduction

Seeing unreal phenomena without being psychotic can often be attributed to entoptic
phenomena such as retinal vessel shadows [1], perifoveal circulation of leukocytes or phosphenes
elicited by the pull of extraocular muscles during voluntary eye movements [2], ocular diseases such
retinal or vitreous detachment [3,4], intraocular hemorrhage [5], corneal edema in narrow angle
glaucoma [6], and migraine aura [7]. Here, we describe what appears to be a hitherto undescribed
type of episodic dim rhythmic flicker, of stationary location and extent during the event, which is
seen as an overlay on an otherwise intact part of the binocular visual field.
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2. Materials and Methods

This retrospective ancillary analysis was based upon a study of fundus imaging methodology
that recruited volunteer patients from of a medical retina clinic. Patients gave written informed
consent, and all procedures followed the Helsinki Declaration and were approved by Regional
Committee on Health Research Ethics (H-19068888).

A patient (Table 1; Patient 1) brought attention to the flicker phenomenon and provided a
thorough description that prompted an animated simulation (Figure 1, for an animated version see
online supplementary material). The other three patients were interviewed using the animation.
Patients were asked to compare their flicker’s location, extent, rate, transparency, and background
contrast with the simulation. They were also asked about their first event, repetition rate, time of day,
duration, and precipitating or modifying factors. Medical history and medication use were recorded
(Table 1).

Figure 1. Simulated image of dim flicker produced under the direction of patient 1, who reported intermittently
seeing the phenomenon in dim nighttime illumination (moonlight or dimmer). When fixating on the moon at
the image (red arrow), the oblique grating (yellow arrow) at the right lower part of the figure is seen to flicker at

a rate of 7 Hz. For the animated version see online Supplementary Materials.

Table 1. Endogenous flicker characteristics.

Patient 1 Patient 2 Patient 3 Patient 4
Age, sex 48 y, male 52y, female 69, female 46 y, male
Visual field Periphery of Upper visual Left eye, straight ahead, Inferior
location  of inferior field, waves in quadrants, right
flicker quadrants, motion, mostly eye
right eye right eye, in left
eye never after
PDT for CSC
BCVA 1.25/1.25 1.0/1.0 0.9/0.4 1.0/1.0

OD/0S

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.1784.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2025

d0i:10.20944/preprints202511.1784.v1

3 of 9
Flicker rate 7 7 3 10
[Hz]
Pattern Oblique Oblique ripples Grating Uniform patch
grating
Visibility Faint but Faint but distinct  Distinct Faint but distinct
distinct
Transparency High High High High
Duration Minutes Minutes Days Minutes
Timing Spontaneous, Spontaneous, up Left eye suddenly dark, Spontaneously,
episodically,  to hours after 1 hour, finger during and after
approx. 10 counting but no colors, jogging, after
times per after 2 days near-normal lying down
year colors, no flicker
Ambient Dim Dim  nocturnal Any Any
luminosity nocturnal and sometimes in
after daylight
awakening
and standing
Stimulating  After waking After strenuous During event with Onset of flicker
factors from sleep exercise and in retinal vein occlusion while jogging and
and  while dim light exacerbation  of
exercising events during
episodes of
retinal  venous
congestion
Alleviating Ambient Ambient light Faded after regression Faded with
factors light of retinal vein occlusion. spontaneous
regression of
venous
congestion.
Automated 1.1dB/-0,5dB 20 dB/40 dB 72 dB/27 dB (nasal 34 dB/1.9 dB
perimetry, (normal) (inferior to the quadrants) (irregular)
OD/OS, fovea)
mean
deviation
(-2,2)
Medications = Metoprolol, Dabigatran, Pravastatin, None
losartan, formoterol levothyroxine,
apixaban, salbutamol, fluticasone
amlodipine
Past medical Atrial CSC OU with Central retinal vein CRVOOD, earlier
history fibrillation, cessation of congestion with branch Hemi-CRVO OS.
arterial flicker OS after retinal artery Left side
hypertension, PDT, persisting hypoperfusion, cataract ophthalmic nerve
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migraine OD. Pulmonary OU, herpes zoster,
with cortical embolism. hypercholesterolemia, anterior uveitis

and retinal Occasional visual hypothyroidism,
visual aura aura without asthma
migraine, non-
scintillating, no
flicker

BCVA: Best-corrected visual acuity; CSC: Central serous chorioretinopathy; OD, OS, OU: Right eye, left eye, both eyes;
CRVO: Central retinal vein occlusion. PDT: Verteporfin photodynamic therapy; dB: Decibel.

An electronic search on PubMed, Google Scholar, and SCOPUS were conducted using terms that
describe established endogenous visual experiences, including entoptic phenomenon, retrobulbar,
and those of uncertain origin. The keywords “entoptic phenomenon”, “entoptic flicker”, “entoptic
pulsating”, and “dim flicker” achieved 353 hits, but found no description of rhythmically pulsating
endogenous visual experience compatible with dim flicker, except two patients in one migraine aura
study provided short unstructured verbal descriptions that may be compatible [8], but only covered
a small fraction of dim flicker characteristics. The literature search is limited by disease classifications
like ICD-10 that provide few visual disturbance details. The literature search was completed on July

14, 2025

3. Results
Case 1

A 48-year-old man presented for a routine eye examination. His past medical history included
migraine with visual aura, arterial hypertension, atrial fibrillation, and pacemaker implantation. His
medications were metoprolol, losartan, amlodipine and apixaban. Best-corrected visual acuity
(BCVA) was 1.25 Snellen in both eyes, refraction -0,5 spherical in both eyes, and applanation
tonometry 12 mmHg in both eyes. Automated perimetry was well within normal limits. His visual
migraine aura was mostly paracentral and negative, less often positive with scintillations, never with
a rhythmic flicker and mostly without subsequent headache.

The patient initially noticed a flickering overlay in the inferior periphery of his binocular visual
field two years ago while cross-country skiing at night on a dimly illuminated path. It was centered
to the left of the vertical midline and extended into the right lower quadrant. Normal vision was
maintained, including within the flickering area. After approximately 5 minutes, the flicker waned,
and the patient continued skiing without headache, atrial fibrillation, pain, or other physiological
abnormalities. The patient subsequently noticed the same flicker phenomenon, mostly when
standing during nightly micturition in faintly lit surroundings, however it faded when he covered
his eyes, so he was unable to determine if it was binocular or monocular. Flicker episodes were not
associated with migraine or headache. A digital simulation of the patient’s description (Figure 1) was
rated as fitting, however it had slightly more contrast than the patient’s flicker. The condition has
remained unchanged for 8 years with flicker episodes in weeks or months apart.

Case 2

A 52-year-old woman was referred with blurred vision in left eye, BCVA 1.0 Snellen in both
eyes, and applanation tonometry 14 mmHg in both eyes. There was multiple minor extrafoveal
pigment epithelium detachments in both eyes and a serous detachment in her left fovea. She was a
non-smoker with a year-long history of respiratory insufficiency with coughing and shortness of
breath, which was initially interpreted as asthma and treated with oral prednisolone 10 mg to 37.5
mg per day for 10 days and inhaled salbutamol for half a year before pulmonary scintigraphy
revealed spontaneously resolved pulmonary embolism. Blood pressure was 148/97 mmHg, and
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cardiac catheterization showed normal pulmonary artery pressure. The patient was treated with
formoterol inhalation, medroxyprogesterone and warfarin which later were switched to dabigatran.

When first seen by us the patient reported years of transparent flicker from her left eye. The
flicker was visible with closed eyes. It appeared intermittently in both upper quadrants without any
stimulus. Fundus angiography showed bilateral central serous chorioretinopathy, which was treated
with verteporfin-photodynamic treatment in the left eye, after which the foveal detachment
disappeared. The patient reported bilateral headache with flickering in the periphery of her upper
visual field quadrants half a year after her first visit, first intermittently in her left eye, then in her
right eye, and then in both eyes, independently of any formal testing. This series of events lasted 1
week. Tangent screen visual fields were normal. Two years later, the patient returned with
intermittent flicker in her right eye, resembling sunshine over rippled water surface. The patient’s
flicker was like the simulation (Figure 1), but darker and less noticeable. Flicker appeared every one
to four days, sometimes after strenuous exercise or after overnight micturition in dim light. No
headache followed. Turning on room light eliminated the flicker. The intermittent, transparent flicker
was still present at age 63 years, predominantly in the right eye, in the upper visual field quadrants.
The longest flicker was 1 hour. Periodically, the patient had migraine auras with a non-flickering
homonymous scotoma of varying sidedness followed by migrainous headache.

Case 3

A 69-year-old woman presented with sudden vision loss in her left eye. She was known with
hypercholesterolemia, hypothyroidism, gastric reflux, and asthma and was treated with clopidogrel,
rosuvastatin, levothyroxine, salbutamol, salmeterol, fluticasone, and pantoprazole. She had episodes
of semitransparent flicker in the central visual field of her left eye with clouding and desaturated
colors two and 12 hours after onset, each lasting less than 1 minute. When first seen by a physician
12 hours after onset, BCVA was 0.8/0.3 Snellen, refraction +2.0 spherical in both eyes, and applanation
tonometry 15 mmHg. Ultrasound of the carotid arteries was unremarkable. Cerebral magnetic
resonance imaging showed an old infarct unrelated to visual pathways. Sedimentation rate 8 (2-20
units) and C-reactive protein 2.3 (<10 mg/L) ruled out temporal arteritis. Her right eye had normal
fundus photography and optical coherence tomography (OCT), but her left eye had profusely dilated
retinal veins and widespread perivenular ischemic hyperreflectivity of the inner and middle retinal
layers. On OCT, the inner retina in the lower nasal quadrant of the macula supplied by a cilioretinal
artery was hyperreflective from the internal limiting membrane to the inner border of the outer
nuclear layer, and the fluorescein angiography revealed delayed filling of the cilioretinal artery.
Within two days of onset, a few more flicker episodes occurred, while vision improved
spontaneously. After 10 months, BCVA spontaneously recovered to 1.0 Snellen in both eyes. After
three and a half years, the left eye had inner retinal thickness deficits inferonasal and superotemporal
to the foveal center and automated perimetry showed 30-degree photopic visual field sensitivities
0.7/5.2 dB below the lower reference limit. There was never cystoid macular oedema. At the day of
presentation blood sample showed hemoglobin 10.6 (7.3-9.5 mmol/L), leukocytes 11.3 (3.5-8.8 e9/L),
thrombocytes 416 (145-390), monocytes 0.94 (0.20-0.80), and neutrophils 7.17 (1.6-5.9), which all
became normal half a year later. The condition was interpreted as transient partial ischemic central
vein occlusion.

The patient described the flicker simulation (Figure 1) as a good match to her own in terms of
amplitude and transparency, except that her flicker was slower, about 3 Hz, and that what she saw
with her left eye during the retinal venous congestion crisis was in greyscale in the middle of the
visual field, within a single, vaguely outlined patch that was best seen when she covered her intact
right eye. The flickers occurred in bouts under a minute without a known cause. The flicker was less
noticeable than the color loss.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Case 4

A 46-year-old man had blurred vision and episodes of flickering in his right inferior hemifield
during and after his frequent 10 km jogging. The flicker was especially frequent four weeks before
his first visit. He was found to have central retinal venous occlusion without macular oedema in his
right eye and hemorrhages in the inferior hemifield. He had had flicker and upper hemicentral retinal
vein occlusion without macular oedema in his left eye nine years earlier, during which he also
experienced dim flicker. Both venous congestion and flicker disappeared spontaneously with the
development of collateral venous drainage on the optic disc. His BCVA was 1.0 Snellen in both eyes,
18/20 mmHg applanation tonometry, normal automated perimetry in the right eye and marginally
subnormal in the left eye with lower inferior hemifield sensitivity. The patient did not use any
medication. The flicker in his right eye was faster, at 10 Hz, closer to the center of his visual field, and
of lower amplitude than the simulation (Figure 1), but synchronized and uniform across the flickering
area. He occasionally saw flickers in his right eye when waking from sleeping in the recumbent
position, before and for up to 30 minutes after opening his eyes. Over a year, his right eye had
multiple flicker episodes, mostly while jogging, and periodic aggravation of venous congestion and
retinal hemorrhage and congestion resolved spontaneously after approximately half a year.

4. Discussion

The four patients (Table 1) reported episodes of seeing a transparent flickering overlay on part
of their binocular visual field. Its sidedness is unknown or inferred from the presence of otherwise
symptomatic eye disease. Their mean age was 53.8 years (2 males, 2 females). Visual acuity ranged
from 1.25 in both eyes to 0.4 in an eye with unilateral central retinal vein occlusion. Flicker rates
ranged from 3 to 10 Hz and were subjectively constant. It lasted minutes to days. Temporal
associations included awakening from sleep, exercise, being in dimly lit surroundings, and episodes
of retinal venous congestion. Alleviating factors included bright ambient light and reduction in
venous congestion. Patients had no history of epilepsy, stroke, or substance abuse. No patient was
available for examination during an ongoing flicker event. Flicker rate was uniform among sightings
but varied by patient.

Dim flicker after jogging and exercise was experienced by three out of four patients. They had
no history, no signs, and no symptoms compatible with multiple sclerosis. The combination of the
transparent flicker and no blurring, double vision or other neurological symptoms makes it unlikely
that the flicker represented an Uthoff phenomenon [10]. While two out of four patients had
cardiovascular disease, there was no obvious link between these conditions and the flicker.

The dim flicker showed as a pattern of lines or waves or a single patch and did not move in the
visual field, unlike visual migraine auras [7]. Two migraine patients with dim flicker had visual
migraine auras with or without migraine and reported their auras were distinctly different from their
flicker. Flicker across the vertical midline in two cases suggests anterior optic chiasm origin. Dim
flicker is unlikely to be a migraine aura equivalent because it did not have a scotoma, did not move
or expand [11], and did not cause headache [12]. In contrast to a visual migraine aura, the dim flicker
had a regular beat.

Visual migraine aura is the most common type of migraine aura, reported by more than 90% of
migraine patients [7]. It is overwhelmingly of cortical origin, as has been documented by imaging
and neurophysiology examinations. The International Classification of Headache Disorders, 3rd
edition includes two types of auras with a visual percept, namely visual and retinal aura [9], (Tables
2 and 3). Visual aura has its origin in the visual cortex [13], whereas retinal migraine, by definition,
has its locus of neurophysiological dysfunction in the retina [14]. The terminology is ambiguous,
however, because it does not make a full distinction between positive sensory disturbances that
produce the illusion of seeing something, albeit of an unreal nature, and negative sensory
disturbances that subtract or replace visual sensation by illusory filling-in of the scotoma. The
classification does not consider that a positive disturbance will be visible in both eyes, regardless of

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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whether it is produced in the visual cortex or the retina of a selected eye, whereas negative
disturbances will be felt in both eyes if they are cortical, but only in one eye if they are retinal. An
example of a positive percept is the phosphene produced by retinal traction, which will be visible
and have the same projection in space, regardless of whether one or both eyes are open or closed.
Thus, a luminous percept generated by the visual cortex cannot be distinguished from one generated
by the retina [15]. A blind spot, however, can be assigned specifically to one or the other eye or to the
visual cortex by simple visual field examination.

Table 2. Diagnostic criteria for migraine with aura (ICHD-3) 12.

A. At least two attacks fulfilling criteria B and C
B. One or more of the following fully reversible aura symptoms:
1. Visual. 2. Sensory. 3. speech and/or language. 4. Motor. 5. Brainstem. 6. Retinal.
C. At least three of the following six characteristics:
1. at least one aura symptom spreads gradually over =5 minutes
. two or more aura symptoms occur in succession
. each individual aura symptom lasts 5-60 minutes
. at least one aura symptom is unilateral
. at least one aura symptom is positive (scintillations or pins and needles**)
6. the aura is accompanied, or followed within 60 minutes, by headache
D. Not better accounted for by another ICHD-3 diagnosis and transitory ischemic attack have been
excluded

Q1 = W DN

*) unilateral means on one side of the midline of the body or the midline of the binocular visual field
**) pins and needles refer to sensation of a type of pain without any specific relation to the eye or vision

Table 3. Diagnostic criteria for retinal migraine (ICHD-3) 12.

Description: Repeated attacks of monocular visual disturbance, including scintillations, scotomata or
blindness, associated with migraine headache.

Diagnostic criteria:

A. Attacks fulfilling criteria for migraine with aura (see above) and criterion B below:

B. Aura characterized by both of the following;:

1. fully reversible, monocular, positive and/or negative visual phenomena (e.g., scintillations,

scotomata or blindness) confirmed during an attack by either or both of the following;:
a. clinical visual field examination
b. the patient’s drawing of a monocular field defect (made after clear instruction)
2. at least two of the following:
a. spreading gradually over >5 minutes
b. symptoms last 5-60 minutes
c. accompanied or followed within 60 minutes by headache
C. not better accounted for by another ICHD-3 diagnosis and other causes of amaurosis fugax have
been excluded.

Our patients tended to describe their dim flicker as coming from a specific eye and this concurred
with the presence of intraocular disease in two cases. The other two patients had no structural clue
that could lead to suspicion of one specific eye being the source of the flicker. There are reports of
recurrent acute unilateral retinal vasoconstriction with transient blindness in the affected eye, but it
is debatable whether this condition is properly described by the term retinal migraine [16], since it
lacked gradual spreading and subsequent headache, as required by International Headache Society
classification of migraine [9] (Table 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The type of visual experience described by our patients has not, to the best of our knowledge,
previously been described as a distinct entity. It may have been interpreted and categorized, though,
as migraine aura, a term used very broadly in clinical practice [17]. A study of migraine patients with
aura, where patients could select from various types of modifications of static images that simulated
visual migraine aura had an example entitled “Like looking through heat waves, water or oil” which was
described by one patient as “Experiencing flicker in one eye. May feel like you have tic on your eye. It flutters
quickly, and only the bright colors become prominent” and by another patient as “I constantly see small lines
that sort of sprinkle down” [8]. These descriptions resemble dim flicker. Endogenous flickering
associated with external eye pressure, retinal detachment, vitreous hemorrhage, occipital epilepsy,
and transient cerebral ischemia [4], none of which apply to our cases.

Our patients were observed incidentally in a retinal clinic over three years. The small sample
size and their disease profiles may be shaped by referral patterns. We recommend that more attention
is given to the recording of patients’ visual experiences. Dim flicker may appear benign but warrants
a qualified eye exam for posterior segment morbidity. Using an animated simulation is recommended
to aid in characterizing flicker and differentiating it from migraine aura.

5. Conclusions

Dim flicker is an episodic recurrent endogenous visual percept without associated headache,
discomfort or other symptoms. It is characterized by a rhythmically flickering overlay on an
otherwise stable visual field. Awareness of the dim flicker phenomenon may help advance the
classification and interpretation of subjective visual disturbances and the identification of underlying
disease.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Figure

S1: Dim flicker animated simulation.
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Abbreviations

The following abbreviations are used in this manuscript:

BCVA Best-corrected visual acuity
OCT Optical coherence tomography
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