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ABSTRACT

Background: The intraretinal hyperreflective line (IHL) is a novel posterior segment finding demonstrable using careful optical
coherence tomography (OCT) examination. It likely indicates a reaction against photoreceptor, Muller cell, and/or retinal
pigment epithelial damage. This study analyzed the spectral-domain OCT characteristics of IHLs to disclose their presence in
various retinal conditions.

Methods: A retrospective review of the charted and imaging records of participants with IHL was conducted at Dokuz Eylul
University Department of Ophthalmology between January 2019 and August 2023. The inclusion criterion was the detection of
an IHL on good-quality B-scan spectral-domain OCT. An IHL was defined as a vertical line extending from the ellipsoid zone
band (or lower) through the outer nuclear layer to the internal limiting membrane in the central fovea. Associated retinal
conditions were recorded as potential causative factors for the presence of IHL.

Results: IHL was observed on spectral-domain OCT in 40 eyes of 38 participants with several retinal diseases assessment.
Fourteen eyes (35%) underwent vitreoretinal surgery pre-IHL detection (12 were operated for full-thickness macular hole
[FTMH], one for epiretinal membrane [ERM], and one for rhegmatogenous retinal detachment). In six eyes (15%) a microhole
coexisted. Four eyes (10%) had a concurrent lamellar macular hole. The IHL preceded the occurrence of FTMH in three eyes
(7.5%), and diabetic macular edema and type 2 idiopathic macular telangiectasia (MacTel-2) were present in three eyes (7.5%)
each. The remaining conditions included vitreomacular traction (VMT), nonarteritic anterior ischemic optic neuropathy with
central retinal artery occlusion, commotio retinae, exudative age-related macular degeneration, ERM, non-infectious idiopathic
posterior uveitis, and Coats’ disease, each affecting one eye (2.5%). Of the two participants with bilateral involvement, one was
diagnosed with MacTel-2 and the other had THL with VMT in the right eye that was detected post-vitreoretinal surgery for
FTMH in the left eye.

Conclusions: Although IHLs are mostly identified in eyes with vitreomacular surface diseases, clinicians may encounter IHLs
in other types of retinal pathology. Further large-scale, multicenter, long-term studies on the presence of IHLs in OCT imaging
are required to provide more substantial insight on this biomarker.
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INTRODUCTION

Intraretinal hyperreflective lines (IHLs) have been previously described using optical coherence tomography (OCT) in
eyes with acquired vitelliform lesions [1-3], and may be a response to various types of damage faced by the
photoreceptors, Muller cells, and/or retinal pigment epithelium (RPE) [1-3]. The Muller cell cone, a group of specialized
central Muller cells that cover the foveolar floor, may serve a crucial function in enhancing the stability of the central
foveola by mimicking glue [3]. Furthermore, IHLs signify the development of a full-thickness macular hole (FTMH),
and appear to configure within the inner retina, originating at the base of the Muller cell cone [4].

IHLs have various names in the literature, including foveal crack sign [5, 6], cotton ball sign [7], hyperreflective
central perpendicular line [8], hyperreflective stress line [3, 9], intraretinal hyperreflective foci [1], intraretinal
hyperreflective line [2], and vertical hyperreflective track [4]. Although IHLs are mostly reported in association with
FTMH and vitreomacular traction (VMT) [3, 5, 7], few studies have indicated a possible association with other retinal
diseases [2, 10].

The primary objective in this single-center study was to demonstrate the presence of IHLs in distinct retinal
conditions not previously documented.

METHODS

This retrospective observational case series was performed under the tenets of the Declaration of Helsinki and was
approved by the local ethics committee of Dokuz Eylul University, Izmir, Turkey. In this study, routine spectral-domain
OCT images obtained between January 2019 and September 2023 were retrospectively examined.

The sole inclusion criterion was the detection of an IHL on a good-quality (> 18 decibel [dB]) B-scan spectral-domain
OCT. Associated retinal conditions were recorded as potential causative factors for the presence of IHL. Exclusion
criteria were defined as the presence of any substantial coexisting media or lens opacity (cataract grade >3 according to
the Emery-Little classification) [11] that could affect OCT image quality and OCT images of poor quality (signal-to-noise
ratio <18 dB) [12, 13].

A standardized comprehensive ophthalmic examination was conducted in all participants, including corrected
distance visual acuity measurement using a Snellen chart (Auto Chart Projector CP 670; Nidek Co., Ltd., Gamagori,
Japan), gonioscopy using a Goldmann three-mirror contact lens (Volk Optical Inc., OH, USA), anterior segment and
dilated posterior segment examination under a slit lamp (Zeiss, Oberkochen, Germany), and intraocular pressure
assessment (TonoRef II; Nidek Co.). OCT was performed using the Spectralis HRA + spectral-domain OCT device
(Heidelberg Engineering, Heidelberg, Germany).

Clinical characteristics of the participants, including age, sex, and affected eye were obtained from the medical
records per participant. For each eye demonstrating an IHL on a good-quality spectral-domain OCT scan, the following
data were recorded: OCT image quality, central macular thickness (CMT), lens status, history of vitreoretinal surgery,
and any associated retinal conditions. Two observers retrospectively reviewed the images for the presence of an IHL
(M.K. and SK)), and the senior author resolved any discrepancies (A.O.S.).

On spectral-domain OCT images, an IHL was defined as a vertical line extending from the ellipsoid zone band (or
lower) through the outer nuclear layer to the internal limiting membrane (ILM) in the central fovea [1]. CMT was
measured as the closest vertical distance from the RPE to the ILM, and an FTMH was defined as a full-thickness defect
in the central fovea extending from the ILM to the RPE [14]. An epiretinal membrane (ERM) was defined as the presence
of hyperreflective lines on the retina, parallel to the ILM, in conjunction with foveal pit deformation [14]. A lamellar
macular hole (LMH) was defined as an irregular foveal configuration, thinning and disruption of the inner foveal region,
absence of a complete foveal defect, and intact foveal photoreceptors [15]. The verifying of various retinal pathologies
present in the participants was conducted according to relevant and widely accepted studies [14, 16-24].

Statistical analyses were conducted using IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, NY,
USA). Normality of the data distribution was assessed using the Shapiro-Wilk test. Descriptive statistics are used to
summarize the data, with categorical variables presented as counts and percentages, and quantitative variables reported
as means (standard deviations [SD]).

RESULTS
From nearly 10 000 images acquired over a 5-year interval, 40 eyes of 38 participants were recruited according to the

inclusion criteria. The detailed demographic and clinical characteristics of the study participants are presented in Tables
land 2.
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The right eyes of 20 participants, left eyes of 16 participants, and both eyes of two participants were included. The
male-to-female ratio was 1:1, and the mean (SD) age of the entire cohort was 59.0 (17.0) years (range: 10-79 years).
Among all eyes, 27 (67.5%) were phakic and 13 (32.5%) were pseudophakic. The mean (SD) OCT image quality and
mean (SD) CMT for all eyes were 25.0 (4.6) dB (range: 18-36 dB) and 206.0 (63.4) um (range: 132498 um), respectively
(Tables 1 and 2).

Table 1. Demographic and clinical characteristics of the study participants

Variable Value

Patients, n 38

Eyes, n 40

Age (y), Mean = SD 59.0+17.0

Sex (Male / Female), n (%) 19 (50) / 19 (50)
Unilateral / Bilateral, n (%) 36 (95) /2 (5)
Laterality (OD / OS), n (%) 22 (55) /18 (45)
Lens status (Phakic / Pseudophakic), n (%) 27 (67.5) / 13 (32.5)
The mean OCT image quality (dB), Mean + SD 25.0+4.6

The mean CMT (um), Mean = SD 206.0 +63.4

Abbreviations: n, numbers; y, years; SD, standard deviation; %, percentage; OD, right eye; OS, left eye; OCT, optical coherence
tomography; dB, decibels; CMT, central macular thickness; pim, micrometers.
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Figure 1. Spectral-domain optical coherence tomographic imaging of the right (A) and left (B, C) eye of a 63-year-old woman (Case
4) (Table 2) with (A) an intraretinal hyperreflective line (IHL) in her right eye (yellow arrow) and (B) vitreomacular traction and a
full-thickness macular hole in her left eye. (C) Two months following vitreoretinal surgery, an IHL was detected in her left eye
(yellow arrow), along with slightly disorganized foveal contour.
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Table 2. Detailed demographic and clinical characteristics of study participants

Case
No.
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Age (y) Sex Laterality Diagnosis
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Diabetic macular edema.

Lamellar macular hole.
After VRS for epiretinal
membrane.
Vitreomacular traction.
After VRS for FTMH.
After VRS for FTMH.
Microhole.

After VRS for FTMH.
MacTel-2.

MacTel-2.

CMT (um) Lens status

213

167
367

165
152
244
214
209
198
194

NA-ION and central retinal 498

artery occlusion.
Microhole.

Microhole.

Exudative age-related
macular degeneration.
After VRS for FTMH.
Lamellar macular hole.
After VRS for FTMH.
Microhole.
Non-infectious idiopathic
posterior uveitis.
MacTel-2.

Microhole.

Lamellar macular hole.
Epiretinal membrane.
After VRS for FTMH.

After VRS for FTMH.
Microhole.

After VRS for
rhegmatogenous retinal
detachment.

Coats’ disease.

Lamellar macular hole.
Before FTMH.

After VRS for FTMH.
Before FTMH.

Diabetic macular edema.

After VRS for FTMH.
Before FTMH.

After VRS for FTMH.
After VRS for FTMH.
Commotio retinae.
Diabetic macular edema.

After VRS for FTMH,

193
196
200

196
183
180
162
225

224
191
232
270
176

138
191
132

172

239
155
184
161
215

251
187
160
170
192
264

181

Pseudophakic

Phakic
Phakic

Phakic
Phakic
Pseudophakic
Phakic
Pseudophakic
Phakic
Phakic
Phakic

Phakic
Phakic
Phakic

Phakic
Phakic
Pseudophakic
Phakic
Phakic

Phakic
Pseudophakic
Phakic
Phakic
Pseudophakic

Pseudophakic
Phakic
Phakic

Phakic

Phakic
Phakic
Pseudophakic
Phakic
Phakic

Pseudophakic
Pseudophakic
Pseudophakic
Pseudophakic
Phakic
Phakic

Pseudophakic

Additional clinical information

Prior 32 intravitreal ranibizumab
injections and 5 intravitreal
dexamethasone implants.
Disorganization of inner retinal layers
on OCT.

Mild subfoveal fluid on OCT.

Steepening of the foveal contour.

Second trimester of pregnancy.

Prior 7 intravitreal aflibercept injections.

Loss of the subfoveal ellipsoid zone on
OCT.

Steepening of the foveal contour.
Disorganization of the ellipsoid zone on
OCT.

Prior 2 intravitreal dexamethasone
implants.

Prior 2 intravitreal ranibizumab
injections.

Prior 31 intravitreal aflibercept injection
and 2 intravitreal dexamethasone
implants.

Abbreviations: y, years; CMT, central macular thickness; pm, micrometers; M, male; OD, right eye; F, female; OS, left eye; VRS,
vitreoretinal surgery; OCT, optical coherence tomography; FTMH, full-thickness macular hole; MacTel-2, type-2 idiopathic macular

telangiectasia; NA-ION, non-arteritic anterior ischemic optic neuropathy.
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man (Case 8) (Table 2) with type 2 idiopathic macular telangiectasia (A and B) featuring bilateral intraretinal
hyperreflective lines (yellow arrows) on transfoveal sections. (A and B) Bilateral microhole formation was also
present.

U (I
Figure 3. A 34-year-old pregnant woman (Case 9) (Table 2) presented with painless, sudden-onset vision loss in her
right eye. (A) Color fundus photographs depicted an infarcted macula, pale and swollen optic nerve head, and a few
intraretinal hemorrhages. (B) The early phase of a fluorescein angiogram revealed the nonperfused foveola and late
filling of the arterioles. (C) Some pinpoint leakages from the macular retinal arterioles and faint optic disc leakage
was noted in the late-phase fluorescein angiogram. (D) Spectral-domain optical coherence tomography revealed
retinal thickening, increased hyperreflectivity of the inner retinal layers, and an intraretinal hyperreflective line
(yellow arrow).
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Figure 4. A 10-year-old boy (Case 26) (Table 2) with Coats’ disease displayed (A) extensive retinal exudation and
photocoagulation scars in his left eye, along with a serous retinal detachment at the temporal macular aspect.
Furthermore, the color fundus photograph was blurred because of a posterior subcapsular cataract. However, (B) an
intraretinal hyperreflective line was visible (yellow arrow) on the spectral-domain optical coherence tomographic
section passing through the fovea, along with a massive exudation at the temporal aspect.
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Figure 5. Distribution of the associated retinal diseases among the study participants.

Abbreviations: FTMH, full-thickness macular hole; LMH, lamellar macular hole; DME, diabetic macular edema; MacTel-2, type-2
idiopathic macular telangiectasia; VMT, vitreomacular traction; NA-ION, non-arteritic anterior ischemic optic neuropathy; CRAO,
central retinal arterial occlusion; AMD, age-related macular degeneration, ERM; epiretinal membrane.

Of the 40 eyes exhibiting an IHL on spectral-domain OCT sections, various associated conditions were identified.
Fourteen eyes (35%) had undergone vitreoretinal surgery pre-IHL detection (12 had surgery for FTMH, one for ERM,
and one for rhegmatogenous retinal detachment; Figure 1). In six eyes (15%), the IHL was accompanied by microhole
formation, and four eyes (10%) had concurrent LMH. The IHL preceded the occurrence of an FTMH in three eyes (7.5%),
and diabetic macular edema (DME) and type 2 idiopathic macular telangiectasia (MacTel-2; Figure 2) were present in
three eyes (7.5%) each. The remaining conditions included VMT, non-arteritic anterior ischemic optic neuropathy (NA-
ION) with central retinal artery occlusion (CRAQO; Figure 3), commotio retinae, exudative age-related macular
degeneration (AMD), ERM, non-infectious idiopathic posterior uveitis, and Coats” disease (Figure 4), each affecting one
eye each (2.5%). Figure 5 displays the distribution of the associated conditions among the studied eyes.

Of the two participants with bilateral involvement, one (Case 8) (Table 2) was diagnosed with MacTel-2 (Figure 2),
and the other with IHL associated with VMT in the right eye (Case 4; Table 2), and was detected 2 months after
vitreoretinal surgery for FTMH in the left eye (Figure 1).
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Vitreoretinal surgery had been performed in 14 eyes (35%) pre-IHL detection on spectral-domain OCT, and five

eyes (12.5%) had prior intravitreal injections. One eye (2.5%) had received 32 prior intravitreal ranibizumab injections
(Lucentis; Novartis Pharma AG, Basel, Switzerland) and five prior intravitreal dexamethasone (Ozurdex, Allergan,
Dublin, Ireland) implants for DME; one eye (2.5%) had been treated with 31 intravitreal aflibercept injections (Eylea,
Bayer, Leverkusen, Germany) and two intravitreal dexamethasone implants for DME; one eye (2.5%) had received
seven intravitreal aflibercept injections for exudative AMD; one eye (2.5%) had undergone two intravitreal ranibizumab
injections for DME; and the remaining eye (2.5%) had received two intravitreal dexamethasone implants for Coats’
disease (Table 2) pre-IHL identification.

DISCUSSION

In the present study, IHLs most frequently occurred following vitreoretinal surgery, particularly for FTMH. To the
best of our knowledge, this is the first report of the presence of IHLs in several other retinal diseases, such as DME,
MacTel-2, NA-ION with CRAO, commotio retinae, non-infectious idiopathic posterior uveitis, and Coats’ disease.

Scharf et al. [3] retrospectively examined 181 eyes (93 eyes with FTMH and 88 eyes with LMH) and identified a
vertical hyperreflective line preceding FTMH development in six of 12 eyes (50%) with available spectral-domain OCT
scans acquired prior to the occurrence of FTMH. In contrast, 22 of 88 eyes (25%) with LMH exhibited a concurrent
vertical hyperreflective line on spectral-domain OCT images. Briefly, Scharf et al. [3] concluded that the vertical
hyperreflective line potentially originated from a central foveal dehiscence associated with the disruption of the Muller
cell cone. Thus, a vertical hyperreflective line on OCT examination could serve as an early clinical indicator of VMT
and impending development of MH [3]. Furthermore, the findings of this study support their results, as the IHLs were
associated with LMH in four eyes (10%) and were observed prior to FTMH discovery in three eyes (7.5%) and VMT
in one eye (2.5%).

MacTel-2 is a retinal pathology that predominantly affects the macular Muller cells [25]. Therefore, Muller cell
cone damage may be the main mechanism underlying the IHL observed in patients with MacTel-2.

Guixeres Esteve and Postelmans [8] examined the spectral-domain OCT findings of a hyperreflective
perpendicular central line in five eyes of four patients with no history of MH or unexplained loss of visual acuity;
however, all exhibited vitreofoveal adhesion [8]. They proposed that a hyperreflective perpendicular central line was
a sign of VMT, and observed that a single eye developed FTMH several weeks after phacoemulsification surgery [8].
In our study, 13 eyes (32.5%) had undergone uneventful cataract surgery pre-IHLdetection.

Using OCT images, Ishibashi et al. [5] evaluated 10 eyes of 10 patients who experienced secondary MH formation
following pars plana vitrectomy performed for rhegmatogenous retinal detachment. They demonstrated that all eyes
had a parafoveal ERM and foveal crack sign, a characteristic OCT finding (i.e., a hyperreflective vertical line in the
foveola with foveal deformation) pre-MH formation. Therefore, they hypothesized that the presence of the foveal crack
predicts secondary MH formation due to ERM traction [5]. Meanwhile, in this study, we observed IHLs in 14 eyes
(35%) following vitreoretinal surgery: 12 were for FTMH, one for ERM, and one for rhegmatogenous retinal
detachment, confirming vitreoretinal surgery as the most commonly associated factor for IHL occurrence.
Additionally, an IHL in one eye (Case 21) with ERM but without any prior vitreoretinal surgery was observed,
suggesting that ERM traction may be a possible inciting factor for IHL formation.

Furashova and Matthe [6] evaluated 113 fellow eyes of 113 patients with FTMH using spectral-domain OCT
images to investigate the prevalence and predictive value of the foveal crack sign. They delineated a foveal crack sign
in 19 of 113 fellow eyes (17%), and 10 progressed to FTMH during a mean follow-up period of 21 months. Two other
eyes with FTMH formation had no foveal crack sign at baseline. Progression was reported in 10 of 13 eyes (77%) in
patients with foveal crack sign and vitreous adhesion, none in the six eyes of patients with foveal crack sign and
vitreous detachment, two of 48 eyes (4%) in patients with vitreous adhesion but without the foveal crack sign, and
none in the 46 eyes of patients with vitreous detachment and without the foveal crack sign [6]. The sensitivity and
specificity of the foveal crack sign in predicting FTMH formation were determined as 83.3 and 91.1%, respectively.
The positive and negative predictive values of the foveal crack sign were estimated as 52.6 and 97.9%, respectively.
The authors concluded that fellow eyes with the foveal crack sign in patients with FTMH are at very high risk (77%)
of FTMH development if posterior vitreous adhesion is present [6]. Herein, the IHL preceded the occurrence of FTMH
in three eyes (7.5%); IHL was associated with VMT in the right eye of one participant, whereas it was detected 2 months
post-vitreoretinal surgery for FTMH in the left eye.
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Amoroso et al. [2] retrospectively reviewed the color fundus photographs, autofluorescence, spectral-domain
OCT, and fluorescein and/or indocyanine green angiography images of 49 eyes of 43 patients (16 men and 27 women).
IHLs were classified as linear or curvilinear by their orientation on OCT sections, and as thick or thin depending on
their thickness. They found that linear hyperreflective vertical lines (38 eyes) or curvilinear lines along the Henle fiber
layer (HFL; 11 eyes) were present in association with various macular conditions, as follows: adult vitelliform
dystrophy or pattern dystrophy (24 eyes), ERM (six eyes), thick choroid (nine eyes), AMD (nine eyes), partial
resorption of subretinal or intraretinal hemorrhages (five eyes), idiopathic macular microhole (two eyes), VMT (three
eyes), multiple evanescent white dot syndrome (MEWDS; three eyes), fundus flavimaculatus (two eyes), and
pachychoroid pigment epitheliopathy (one eye) [2]. They also reported that hemorrhagic or inflammatory IHLs were
transient and showed full regression in their cohort. IHLs observed in association with VMT usually regressed slowly
during follow-up. In contrast, IHLs associated with acquired vitelliform lesions or AMD persisted without significant
changes in most cases, except when geographic atrophy or exudative AMD occurred [2]. In addition, in MEWDS cases,
inflammatory damage to the central cones and Muller cells induces IHLs, whereas in VMT cases, structural
destabilization of the central cones and Muller cells were secondary factors of IHLs occurrence [2]. Thus, inflammatory
damage and structural destabilization of the retinal layers are potential causative factors for IHL, and the presence of
IHLs in cases with vascular diseases such as DME, NA-ION with CRAO, MacTel-2, and Coats’ disease, possibly
suggest an underlying vascular involvement in IHL formation.

Acute retinal pigment epitheliitis (ARPE) is a retinal condition that is associated with IHLs [10, 26]. Cho et al. [26]
reported the presence of an abnormal hyperreflectivity extending from the inner RPE layer to the outer nuclear layer
in an ARPE case. The IHL resolved along with the disruption of the ellipsoid zone, in this patient [26]. Singh et al. [10]
described a 39-year-old female patient with IHLs and ARPE. The hypothesized composition of the IHLs were RPE
cells, blood components, or inflammatory cells, all exhibiting a hyperreflectivity on OCT images that is similar to that
of subretinal hyperreflective exudative material [10]. None of our participants had a diagnosis of ARPE.

Ramtohul et al. [27] introduced the novel OCT terminology “angular sign of HFL hyperreflectivity” to indicate
the disruption of the entire photoreceptor length, including the HFL, in various macular diseases such as acute macular
neuroretinopathy, Dengue maculopathy, whiplash maculopathy, contusion maculopathy, paracentral acute middle
maculopathy, and ARPE [27]. Furthermore, they designated another OCT finding characterized by a vertical, linear,
hyperreflective lesion at the central fovea as the “hyperreflective stress line,” emphasizing the importance of
distinguishing between these two OCT findings due to their distinct underlying pathophysiological mechanisms [27].
However, Amoroso et al. [2] categorized these two findings as different manifestations within the same spectrum [2].
Additionally, in this study, the observed IHLs were more likely to correspond with the linear hyperreflective vertical
lines described by Amoroso etal. [2]. As the linear and curvilinear hyperreflective lines might have represented distinct
pathophysiological cellular processes, we did not consider these two findings to be within the same spectrum and did
not categorize the IHLs in our participants as linear or curvilinear.

In the current technological era, artificial intelligence is widely used for the diagnosis and screening of various
ophthalmological conditions, including retinal disorders [28-30]. Waldstein et al. [31] investigated the characterization
of hyperreflective foci in patients with AMD using artificial intelligence algorithms and spatiotemporal atlas methods.
They analyzed 8529 OCT sections of 512 patients and reported that the eyes progressing to advanced AMD had higher
hyperreflective foci volume and an accelerated increase in hyperreflective foci activity. Thus, the development of an
atlas of retinal changes in the aging eye using artificial intelligence would improve the comprehension of the
pathological features of AMD [31]. Similar studies on the detection and screening of IHLs using artificial intelligence
could be conducted in the future to show the clinical importance of these lesions in various diseases.

The present study supports the findings of previous research by demonstrating IHLs in a substantial number of
patients and in eyes with varying diagnoses, yet it features several limitations, mostly related to its retrospective
nature. As the choroidal thickness and curvilinear lines along the HFL were not evaluated, and follow-up
examinations could not be performed in most cases; therefore, we could not observe how IHL evolved over time. The
prevalence and predictive value of IHLs were not determined; thus, the prognostic importance of IHLs remained
unclear. Further prospective studies with longitudinal follow-ups are required to assess the implications and clinical
value of IHLs as a novel OCT sign in various retinal disorders. Despite its limitations, this is the first study to report
on the occurrence of IHLs in specific conditions such as DME, MacTel-2, NA-ION with CRAO, commotio retinae, non-
infectious idiopathic posterior uveitis, and Coats’ disease.
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CONCLUSIONS

Different terminology exists in the literature on the description and significance of IHL formation, and this particular
OCT finding has been primarily reported as either a preceding indicator for FTMH development or as a coexisting
finding alongside VMT. However, our study concludes that IHLs might occur in diverse retinal conditions including
vascular or inflammatory processes. Therefore, recognizing this sign may aid clinicians to predict prognosis during
patient follow-up. Future large-scale, long-term, multicenter studies on the presence of IHLs in OCT imaging are

required to foster genuine insight into this biomarker.
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