
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  v e c  o m m  o n s .  o r  g / l i c e n s e s / b y / 4 . 0 /. The 
Creative Commons Public Domain Dedication waiver ( h t t p  : / /  c r e a  t i  v e c  o m m  o n s .  o r  g / p  u b l  i c d o  m a  i n / z e r o / 1 . 0 /) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Rodriguez and Browning International Journal of Retina and Vitreous           (2025) 11:31 
https://doi.org/10.1186/s40942-025-00655-8

Introduction
Within the macula lies the fovea, the region of the retina 
with the highest concentration of cones and the great-
est visual acuity [1]. The Foveal Crack Sign (FCS) is a 
recently described optical coherence tomography (OCT) 
finding that is characterized as a thin vertical and linear 
hyperreflectivity of the foveola from the internal limiting 
membrane to the ellipsoid zone [2, 3]. Other publications 
have described similar findings on OCT using different 
nomenclature including, but not limited to, hyperreflec-
tive stress lines (HSL), intraretinal hyperreflective lines 
(IHL) and hyperreflective foveal spots (HFS) [4–7].
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Abstract
Purpose To determine if eyes with the foveal crack sign (FCS) in macular pattern dystrophy (MPD) progress to 
macular holes, and if FCS occurs in the context of hyperreflective foci (HRF) that do not reach the threshold of FCS.

Patients and methods : A retrospective chart review of eyes with MPD was conducted in the Atrium Health 
Wake Forest Baptist medical system. 56 eyes from 32 patients identified as having macular pattern dystrophy were 
identified. Demographic data were collected from charts and spectral domain optical coherence tomographs 
(SD-OCTs) were analyzed.

Results 8 eyes from 6 patients were found to have an FCS-positive OCT at any point at or following their initial 
diagnosis of MPD. One eye developed a full-thickness stage 4 macular hole during follow-up. There was no significant 
difference in macular hole development between MPD eyes with and without FCS (p =.1429). There was a significant 
difference in FCS development between MPD eyes with and without HRF (p =.0063).

Conclusions The data did not show a significant difference in macular hole generation between eyes with and 
without FCS, unlike the situation of FCS in eyes post vitrectomy for retinal detachment repair. The significant 
association between HRF and FCS suggests that the two signs may have a related pathophysiology and may 
represent different stages in a common degenerative process. Further work is needed to better characterize the 
relationship of FCS and HRF and to determine if FCS has different implications in the different clinical contexts in 
which it appears.
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Authors hypothesize pathophysiologic mechanisms 
for the sign largely involving two cell types – Muller cells 
and retinal pigment epithelium [2]. For Muller cells, trac-
tion is posited as altering orientation leading to hyper-
reflectivity; retinal pigment epithelial cells are thought to 
migrate inward as occurs in macular pattern dystrophies 
and other acquired vitelliform lesions, possibly causing 
pigment granule deposition and/or structural destabi-
lization that appears hyperreflective on OCT [4, 6–10]. 
Ishibashi and colleagues [2] have emphasized that FCS 
reflects mechanical stress at the foveola; 77% of eyes in 
their series after vitrectomy surgery later developed full-
thickness macular holes (FTMH). Other works have 
shown subsequent macular hole development in 50–80% 
of FCS-positive, non-post-surgical eyes [6, 11].

OCT biomarkers have been described as part of the 
natural course of eyes with vitelliform lesions, such as 
intraretinal hyperreflective foci (HRF) [10, 12]. Amo-
roso et al. [4] also described 49 eyes with macular linear 
hyperreflective lines; 24 had adult-onset foveomacular 
vitelliform dystrophy (AFVD) or other pattern dystrophy, 
and 17 of these linear hyperreflective lines were vertical. 
Multiple cases showcased in Amoroso et al. [4] satisfy 
the definition of FCS, and only macular microholes were 
reported, without statistical analysis.

Thus, little work has been done to further explore the 
relationship between hyperreflective OCT findings, 
MPDs, and subsequent development of macular holes. 
Determining the association between FCS, MPDs, and 
macular holes can clarify if FCS as a biomarker truly 
augurs macular holes or whether it is the post-vitrec-
tomy state that is the proximate association with FCS as 
a fellow traveler, and when such patients should be fol-
lowed closely by their ophthalmologist. Additionally, 
the relationship between FCS and other hyperreflec-
tive signs, such as HRF, has not been examined and may 
yield insights into the pathogenesis of FCS. Clinically, we 
have also noted FCS presence in patients with vitelliform 
dystrophies, represented in our current work by Case 7/
Fig. 1. These unanswered questions, combined with clini-
cal experiences, have inspired the present work.

In this study, we report on findings of patients diag-
nosed with macular pattern dystrophy whose OCT was 
found to have FCS. We also conducted a chart review of 
MPD patients to determine if FCS in these patients pro-
gressed to macular holes, if FCS occurs in the context of 
HRF, and any risk factors that may predispose patients to 
FCS development.

Materials and methods
This retrospective chart review was conducted in the 
Atrium Wake Forest Baptist Health medical system 
and was conducted in accordance with IRB approval 
as IRB00113005. Research adhered to the tenets of 

the Declaration of Helsinki. Inclusion criteria were all 
patients who were diagnosed with a macular pattern 
dystrophy and had undergone retinal OCTs. “Macular 
pattern dystrophies” included AFVD, butterfly-shaped 
pattern dystrophy, reticular dystrophy, fundus pulverul-
entus, and multifocal pattern dystrophy simulating Star-
gardt disease. We confirmed diagnosis of macular pattern 
dystrophy utilizing chart review of available OCTs and 
any other retinal imaging, including but not limited to 
fluorescein angiography and color fundus photography. 
Exclusion of patients was made if they did not have an 
OCT available and a follow-up OCT of at least 6 months 
after the diagnosis of macular pattern dystrophy, or 
if other retinal diseases that could cause hyperreflec-
tive findings were present, such as age-related macular 
degeneration or diabetic retinopathy.

Charts were obtained by a search of the Wake Forest 
University Medical School and affiliated hospitals data-
base. The database search was from the dates of 1/1/2000 
to 5/1/2024, using the H35.50 ICD-10 code (ICD-10 code 
for MPD). All initial and follow-up ophthalmology visits 
were reviewed for inclusion and exclusion criteria. FCS 
was defined as a hyperreflective line extending from the 
ellipsoid zone towards the internal limiting membrane 
at the foveola, with case examples from Ishibashi et al. 
[2] and Furashova et al. [11] utilized as benchmarks for 
hyperreflectivity intensity and presentation. HRF were 
defined as hyperreflective dots or lesions that were not 
considered FCS; these were only noted within retinal lay-
ers of the foveal pit (maximum radius of 750 micrometers 
from the umbo). OCT images were reviewed for FCS and 
HRF; this was done by two reviewers independently, after 
which results were reviewed, and reviewers consolidated 
any differences. Macular holes were verified for presence 
and type by reviewing OCTs. All OCT’s were obtained as 
spectral domain OCTs (Heidelberg Spectralis), with dis-
tance between macular slices of 250 micrometers.

Data collected from charts included population 
descriptors such as age, sex, race, and eye laterality. Other 
data included past ocular history and intraocular surgi-
cal history, presence/type of MPD or macular hole, fam-
ily/genetic history, best corrected visual acuity (BCVA) 
recorded as logMAR score, follow-up length in days from 
diagnosis to final visit, vitreous status and minimum 
macular thickness in microns. Data was analyzed initially 
using descriptive statistics. Comparison between groups 
was done using chi square tests for proportions and Fish-
er’s exact test. P values less than 0.05 were judged to be 
statistically significant.

Results
From the database search, 250 eyes were initially iden-
tified as possible MPD cases. Following verification of 
inclusion and exclusion criteria, 56 eyes from 32 patients 
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Fig. 1 Case 7: (A-B) Eye presents with vitelliform lesion at first visit, as well as partial PVD that persists through multiple visits, (C-D) Foveal crack sign noted 
on second visit 4 months later, (E-F) Foveal crack sign remains present 9 months after initial visit, with absorption of vitelliform material, (G-H) full thickness 
macular hole on final visit, 7 months after presentation
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were found to have MPD. Of these, 8 eyes from 6 patients 
were found to have an FCS-positive OCT at any point 
at or following their initial diagnosis of MPD. Descrip-
tive characteristics for these are shown in Table 1. Mean 
patient age was 70 ± 10 years old, and the mean length of 
follow-up was 1106 ± 492 days. There was no genetic test-
ing available for all cases.

Table 2 Shows further collected measures in FCS-posi-
tive eyes. BCVA had a mean change of 0.295 ± 0.588 from 
initial visit to final visit. Macular thickness had a mean 
change in thickness of -33.6 ± 61.9 microns from ini-
tial to final visit. The mean time from initial visit to FCS 
presentation was 373 ± 351 days. One eye developed a 
full-thickness stage 4 macular hole during the follow-up 
period.

Figures 1, 2, 3, and 4 display OCT’s from 4 representa-
tive eyes. Fig. 1 displays the development of FCS that pro-
gressed to a full-thickness macular hole. Figure 2 shows 
an eye that presented with and lost the FCS by the end 
of follow-up. Figure  3 shows an eye that developed and 
maintained the FCS by end of follow-up. Finally, Figure 4 
shows the development of hyperreflective congeners, as 
well as the development and resolution of FCS.

There was no difference in rate of macular hole devel-
opment between MPD eyes that had or did not have a 
FCS (P =.143, Table 3). There was an association between 
HRF and FCS (P =.0063, Table 4).

Discussion
Only one of the eyes reviewed developed a macular hole 
following identification of FCS on OCT. Table 3 showed 
that there was no significant difference in macular hole 
development between MPD eyes with and without 
FCS. Thus, in MPD patients, finding FCS on routine 
OCT might not augur macular hole development as has 
been noted for patients with FCS after vitrectomy to 
repair retinal detachment [2]. The data showed an asso-
ciation between the presence of FCS and the presence 
of HRF, suggesting that the two signs may be related 
pathophysiologically.

Our results run contrary to the literature on FCS. Ishi-
bashi et al. [2] looked at post-surgical pars plana vit-
rectomy eyes, compared to our sample of MPD eyes. 
Furashova et al. [11] studied fellow eyes of eyes with mac-
ular holes and found FCS in 10/19 fellow eyes of FTMH. 
Scharf et al. [6] looked at eyes that developed FTMH and 

Table 1 OD = Right; os = left; AFVD = Adult-onset foveomacular vitelliform dystrophy; a – Patient-reported where 1 = closest affected 
relative within nuclear family and 2 = closest affected relative within extended family; b – patient had a Pars plana vitrectomy for retinal 
detachment during follow-up (299 days after foveal crack sign presentation)
Case Sex/Age Race Eye Laterality Macular Pattern Dys-

trophy Subtype
Family 
History?a

Intraocular Sur-
gical History?

Length 
of follow-
up (in 
days)

1 F/68 White OD AFVD 1 No 1372
2 F/80 White OD AFVD 0 No 1495
3 F/80 White OS AFVD 0 No 1495
4 F/73 White OD AFVD 1 No 1324
5 F/73 White OS AFVD 1 No 1324
6 F/56 White OD Unspecified 1 Nob 325
7 F/79 White OD AFVD 2 No 324
8 M/54 White OD Unspecified 0 No 1187

Table 2 Best corrected visual acuity (BCVA) in LogMAR; Foveal Thickness in micrometers; a – PVD = posterior vitreous detachment; 
b – noted in fundal exam but not seen on review of OCT; c - Regressed into foveal hyperreflective foci; d - dislocated intraocular lens; 
e - macular hole; f - Developed into macular hole; g - thickness measured using asymmetry analysis rather than thickness map change 
report on Heidelberg
Case Initial 

BCVA
Final 
BCVA

Initial Minimum 
Central Foveal 
Thickness

Final Mini-
mum Central 
Foveal 
Thickness

Days from 
Initial Visit 
to FCS

Did FCS resolve, 
change, or 
remain stable?

Vitreous 
Status on 
FCS arrival

Presence of 
Epiretinal Mem-
brane at FCS 
diagnosis

Macular 
Hole during 
Follow-Up?/
Days from FCS

1 0.4 0.06 255 240 722 Resolved PVDab None N
2 0.48 0.52 340 327 645 Changedc PVDb Present N
3 0.6 0.42 348 343 988 Stable PVDb Present N
4 0.7 1.8d 364 225 162 Stable Attached None N
5 1 1 221 207 162 Resolved Attached None N
6 0.24 0.4 298 272 36 Changedc PVD None N
7 0.52 1.8e 334 223 135 Changedf Partial PVD None Y/176
8 1 1.3 225 279g 137 Stable Attached None N
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lamellar macular holes and found FCS preceded FTMH 
in 50% and lamellar macular holes in 25%, respectively. 
Kayabasi et al. [7] characterized the presence of IHLs in 
multiple pathologies and found that, of 40 eyes, 35% had 
undergone vitreoretinal surgeries prior to IHL formation, 
mostly for FTMH. The absence of a history of vitrectomy 
in the eyes in our series may explain the differences in 
rates of subsequent macular hole compared to the series 
of Ishibashi et al. [2] and Scharf et al. [6]. Also, the use of 
fellow eyes in Furashova et al. [11] may have made their 
sample more likely at baseline to develop a macular hole 
than the eyes analyzed in the present study.

The main clinical implication from this study is that 
FCS could have a low positive predictive power for mac-
ular hole progression in non-vitrectomized eyes, such 
as MPD, and that more work is needed to both further 
characterize FCS and analyze its value in clinical decision 
making. FCS may be an imaging finding that is sensitive, 
but not specific, to macular hole development. It is also 
worth noting that in MPD patients, disruption of the 
normal foveal contour can increase interpretational dif-
ficulty in reading OCTs.

Our findings could support the hypothesis of FCS 
as a possible subtype of HRF by Iwama et al. [9] How-
ever, more work is needed as we cannot rule out that 
FCS and HRF are independent processes confounded 
by similar risk factors and conditions. It is worth noting 
that congeners such as foveal HRF’s are more common in 
pathologic eyes and can also mimic FCS, increasing the 
difficulty of characterizing a true FCS and possibly limit-
ing FCS utility.

Multiple limitations to the data are worth discus-
sion. This study arose from questions the research team 
had regarding FCS-positive eyes with MPD seen in the 
clinical setting, and whether these eyes were at greater 
risk of macular hole formation following FCS identifi-
cation. This was a possible association that had not yet 
been explored in the literature, despite evidence that FCS 
could occur in MPDs and augur macular hole formation 
[2, 4, 11]. We set out to answer these specific questions, 
accepting the limitations of MPD as a less prevalent diag-
nosis, relative to other retinal pathologies such as age-
related macular degeneration and diabetic retinopathy. 
Our work should be interpreted in this context, as this 

Fig. 2 Case 1: (A-B) Mild foveal crack sign marked by white arrow, (C-D) disappeared by final visit
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limits both the generalizability and power of our analy-
sis. For instance, almost all our FCS-positive eyes were 
diagnosed as cases of AFVD, raising questions on if other 
forms of MPD may display a different natural history fol-
lowing FCS identification. With regards to sample size, 
the use of MPD, in concert with an infrequent biomarker 
like FCS, limits the number of cases we were able to iden-
tify. Additionally, our FCS-positive eyes consisted of only 
Caucasians and might not be an accurate representation 
of the utility of FCS in other races with MPD. We encour-
age further work analyzing the relationship between FCS 
and hole formation in more prevalent and homogenous 
retinal pathologies, which may increase power and gen-
eralizability of results.

There are also limitations in identifying FCS itself, as 
it can be subtle [11]. Artifacts on OCT scans can mimic 
or obscure FCS, making the interpretation of the OCT 
in MPD patients more difficult than in unaltered macu-
las. In addition, there are FCS mimickers such as parafo-
veal crack signs and the angular sign of Henle fiber layer 
hyperreflectivity (ASSH) [13]. These mimickers present at 
obtuse angles to the umbo, and their utility or hindrance 
to prognostication of future macular health is unclear. 
We also noted artifacts that mimicked FCS arising from 

nonorthogonal positioning of the macula relative to the 
scan beam OCT may vary across patients and imagers; 
nonstandardized brightness settings and aspect ratios 
invite image variation than can resemble FCS.

Questions remain about the pathogenesis of FCS and 
other hyperreflective OCT biomarkers in MPD, espe-
cially when tractional forces such as vitreomacular 
traction and epiretinal membrane are not present. The 
hypotheses extant regarding the pathophysiology of the 
foveal crack sign are as follows:

1. Muller cell damage from traction, ischemia, or 
metabolic dysfunction in the underlying retinal 
pigment epithelium leading to localized structural 
instability [2, 4, 8, 11]. 

2. Outer retinal and retinal pigment epithelial 
misalignment with disruption of the outer retina and 
retinal pigment epithelium interface leading to the 
sign [2, 4, 11]. 

3. Chronic macular edema with an atrophic or fibrotic 
remodeling response [14]. 

4. Manifestation of early lamellar macular holes and 
foveal thinning [6, 11]. 

Fig. 3 Case 3: (A-B) Moderate foveal crack sign denoted by white arrow, (C-D) mild foveal crack sign still present by final visit
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Fig. 4 Case 2: (A-B) Patient seen at the one year follow-up visit with foveal hyperreflective foci denoted by white arrow, (C-D) Foveal crack sign noted 
10 months later and denoted by arrows, alongside a small hyperreflective foci, (E-F) loss of foveal crack sign one year after identification, multiple foveal 
hyperreflective foci denoted by white arrow, (G-H) Angular sign of Henle fiber layer hyperreflectivity denoted by arrows, without foveal crack sign 4 years 
after presentation
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Ucar et al. [15] found a loss of parafoveal vascular den-
sity in both butterfly-pattern dystrophy and adult foveo-
macular vitelliform dystrophy on OCTA compared to 
controls; there was no difference in the areas of the foveal 
avascular zones [14]. We also know that structural and 
retinal pigment epithelial integrity are impaired in pat-
tern dystrophies, seen as geographic macular atrophy, 
decreased RPE height and packing density and decreased 
photoreceptor packing density on multimodal imaging 
[16, 17]. Chen et al. [10] have found that HRF associated 
with acquired vitelliform lesions are represented on his-
topathology by migrated RPE cells and pigment granules. 
We posit that Mechanisms 1, 2, and 4 are potentially rel-
evant in FCS associated with MPD. Mechanism 3 is not 
germane, as there is no chronic edema associated with 
MPD.

We posit that decreased parafoveal vascular density 
may disrupt foveal homeostasis and structural integrity, 
creating a susceptibility to future tractional forces that, in 
combination with retinal pigment migration and granule 
deposition, results in a propensity for vertical linear fove-
olar hyperreflectivity on OCT, seen as FCS, in eyes with 
acquired vitelliform lesions. This multimodal theory of 
pathogenesis may be supported by the presence of ERM 
in 38% of our FCS-positive cases, as well as multiple 
stages of vitreous attachment. In our study, Case 7 devel-
oped FTMH and notably had a partial PVD with a large 
vitelliform lesion that was enhanced following vitelliform 
lesion absorption. Regression of FCS may represent a loss 
of tractional forces combined with the completed resorp-
tion of migrated material. These hypotheses require fur-
ther study.

There are follow-up questions that arise from our find-
ings. Studies with larger sample sizes should be con-
ducted to better analyze the sensitivity and specificity of 
FCS with regards to full-thickness and especially lamellar 
macular holes, as well as other macular pathology such 
as maculoschisis and cystoid macular edema. The preva-
lence of the FCS in retinitis pigmentosa, Best disease, 
Stargardt disease, diabetic retinopathy and age-related 

macular degeneration should be evaluated. Determin-
ing whether the FCS implies a different outcome in post-
surgical patients should also be further investigated. The 
relationship of hyperreflective foci, partial FCS, conge-
ners such as ASSH, and full FCS needs further explora-
tion as well.

Conclusion
FCS in MPD did not predict subsequent macular hole 
formation. Further work is needed to better characterize 
FCS and its congeners and to determine if it has different 
implications in different clinical contexts.
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