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Purpose: Optical coherence tomography (OCT) is a widely utilized ophthalmic imaging technique commonly used in clinical
practice. The axial resolution of modern commercial OCT devices is at the micron level, facilitating the detection of retinal
problems that may be unable to be detected in conventional dilated fundus examination (DFE). We evaluated the efficacy of
integrating OCT as a routine ophthalmic procedure for identifying occult retinal abnormalities using a university clinical
dataset.

Methods: The University Optometry Clinic initiated routine OCT screening as part of comprehensive eye examinations at no
additional cost in summer 2025. An ophthalmic assistant captured OCT images of patients aged 40 years or older under natural
pupils before the optometrist consultation. A retrospective analysis was conducted based on these OCT images acquired with
a concurrent review of electronic medical records.

Results: Overall, 1398 patients underwent routine OCT examinations in two months. Thirty-two patients were excluded because
of bilateral suboptimal image quality attributed to undilated pupils. The three most common occult retinal abnormalities not
identified by conventional DFE but revealed by OCT were partial posterior vitreous detachment (81 patients, 5.9%), epiretinal
membrane, ERM (46 patients, 3.4%), and peripapillary intrachoroidal cavitation (43 patients, 3.1%). Other abnormalities
identified by OCT included pigment epithelial detachment, thin retinal nerve fiber layer, focal choroidal excavation (FCE), and
idiopathic central serous chorioretinopathy (ICSC). A more serious abnormality included lamellar holes. Patients with ERM (p <
0.001) and lamellar hole (p < 0.001) were older than those without. FCE (p = 0.003) and ICSC (p = 0.009) were more commonly
occurred in male.

Conclusion: Some occult retinal abnormalities were identified using OCT alone, but not discernible by conventional DFE. These mild
abnormalities were unlikely to have serious consequence which may not affect clinical management. OCT examination might not be
regarded as a necessary routine procedure.

Keywords: optical coherence tomography, comprehensive eye examination, posterior vitreous detachment, epiretinal membrane,
dilated fundus examination, ophthalmic imaging

Introduction

Optical coherence tomography (OCT) is a widely utilized imaging technique in the ophthalmic field." It is more
commonly applied in neuro-ophthalmology,>* and during ophthalmic surgeries.”® Ly et al proposed that OCT should
be utilized as an adjunctive diagnostic test rather than as a standard procedure.” Their review covered the usage of
OCT and its limitations in age-related macular degeneration, diabetic retinopathy and diabetic macular edema, and
glaucoma. Furthermore, OCT technology has been emerging rapidly in recent years. Ahmed et al proposed that OCT
examination should be regarded as a standard preoperative procedure prior to cataract surgery.® Although only 14%
of clinical undetectable pathology were identified when OCT was employed preoperatively, the excellent safety
profile and cost-effectiveness of OCT supported it being a routine preoperative workup. Fouad et al underscored the
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Table I Common Occult Retinal Abnormalities Identified from OCT in 1366 Patients

Ocular Abnormality | Number of Patients | Number of Eyes Frequency
PVD 8l 38 bilateral, 43 unilateral | 5.9%
ERM 46 8 bilateral, 38 unilateral 3.4%
PICC 43 4 bilateral, 39 unilateral 3.1%
PED 27 2 bilateral, 25 unilateral 2.0%
Lamellar hole 12 | bilateral, || unilateral 0.9%
Thin RNFL 12 4 bilateral, 8 unilateral 0.9%
ICSC I I 0.8%
FCE 10 10 0.7%

Abbreviations: PVD, posterior vitreous detachment; ERM, epiretinal membrane; PICC, posterior intrachor-
oidal cavitation; PED, pigment epithelium detachment; RNFL, retinal nerve fiber layer; ICSC, idiopathic central
serous chorioretinopathy; FCE, focal choroidal excavation.

Table 2 Age of Patients with and without the Occult Ocular Abnormalities, and Gender Distribution

Occult Retinal N; Age = SD (Year) Mann- Male: Female Chi-Square, p
Abnormality . R . . Whitney Test, R R K R
Patients with Patients without Patients with Patients without
Problem Problem P Problem Problem
PVD 81;582 + 9.1 1275; 57.7 £ 10.9 0813 30: 51 448: 828 0.724
ERM 46; 64.8 + 10.8 1311; 574 £ 10.7 < 0.001 16: 30 462: 849 0.949
PICC 43; 569 £ 9.7 1314; 57.7 £ 10.8 0.771 15: 28 463: 851 0.962
PED 27;62.6 £ 12.8 1330; 57.6 £ 10.7 0.073 13: 14 465: 865 0.156
Thin RNFL 12; 59.9 + 9.1 1345; 57.7 £ 10.8 0414 7:5 471: 874 0.062
FCE 10; 572 £ I1.5 1347; 57.7 £ 10.8 0.931 8:2 470: 877 0.003
ICSC 11;536+ 113 1346; 57.7 £ 10.8 0.157 8:3 470: 876 0.009
Lamellar hole I1;67.8 £6.3 1346; 57.6 = 10.8 <0.001 4:8 474: 871 0.890

necessity of conducting OCT before cataract surgery in older adults, especially those with diabetes mellitus.'”
Around one-fifth of the eyes had an occult macular pathology on OCT. Paul et al suggested that the regular
implementation of OCT in optometric practice could facilitate the earlier identification of glaucoma.'' However,
further studies are required to detect the false positive detection rate. Hood et al pointed out problems of reference
databases used in commercially available OCT devices.'> Hence, they proposed using OCT scans obtained by
optometrists in a clinical setting from healthy eyes to serve as reference database. Another application of OCT is the
incorporation of routine OCT in tele-health programme.'?

The Optometry Clinic of the School of Optometry at The Hong Kong Polytechnic University is a teaching clinic
where eye examinations are mainly conducted by senior optometry students. Staff optometrists provide private eye
examinations with higher consultation fees. Additionally, several clinical OCT device models are available. Staff
optometrists perform OCT examinations as needed, and patients are required to pay additional examination fees. In
summer 2025, the clinic incorporated routine OCT examination using an entry-level OCT device (Topcon Maestro2 3D
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Figure | A patient with peripapillary intrachoroidal cavity. (a) Fundus photo of a patient with a lesion inferior to the optic disc; (b) B-scan OCT of the green line in (a)
showing a peripapillary intrachoroidal cavity.

OCT-1, Topcon, Japan). All patients aged 40 years or older registered with our staff optometrists underwent OCT
examinations conducted by ophthalmic assistants. This is regarded as a component of the pre-consultation testing battery.

We believe that qualified optometrists should be able to pick up important retinal abnormalities even without
doing OCT. Hence, occult retinal abnormalities identified by OCT might not have significant clinical impact. This

Table 3 Six Out of 12 Patients with Thin Retinal Nerve Fiber Layer Thickness from Optical Coherence Tomography Returned for
Glaucoma Work-Up

Glaucomatous Signs Management
Patient | Large cup, rim notching, thin ganglion cell thickness, no field defect Glaucoma suspect, regular follow-
up
Patient 3 RE: IOP 3mmHg higher than LE, large cup, thin ganglion cell thickness, corresponding field Normal tension glaucoma, referred
defect
LE: large cup, thin ganglion cell thickness, no field defect

(Continued)
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Table 3 (Continued).

Glaucomatous Signs

Management

Patient 4

Patient 6

Patient 7
Patient 12

RE: large cup, thin ganglion cell thickness, corresponding field defect

LE: large cup, thin ganglion cell thickness, no glaucomatous field defect

RE: thin ganglion cell thickness, corresponding field defect

LE: thin ganglion cell thickness, scattered field defect

Large cup compared with fellow eye, thin ganglion cell thickness, no glaucomatous field defect
Nerve fiber bundle defect, thin ganglion cell thickness, corresponding field defect

Follow-up in 4 months

Normal tension glaucoma, referred

Regular follow-up

Normal tension glaucoma, referred

study aimed to evaluate the efficacy of integrating OCT as a routine ophthalmic procedure for identifying occult

retinal abnormalities that were not discernible by conventional comprehensive eye examination, using a university

clinical dataset.

Figure 2 A second patient with peripapillary intrachoroidal cavity (a) Fundus photo of a patient with a lesion inferior to the optic disc; (b) B-scan OCT of the green line in
(a) showing a peripapillary intrachoroidal cavity inferior to the disc. There is an area of reticular pseudodrusen in the fovea region.
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Figure 3 A third patient with peripapillary intrachoroidal cavity. (a) Fundus photo of a patient with a lesion inferior to the optic disc; (b) B-scan OCT of the green line in (a)
showing a peripapillary intrachoroidal cavity inferior to the disc. There is a tiny serous pigment epithelium detachment at the macular region.

Materials and Methods

Participants

Patients aged of 40 years or older, consulting staff optometrists at the Optometry Clinic of the School of Optometry, The
Hong Kong Polytechnic University, during June and July in 2025 underwent routine OCT examinations with natural
pupils. All patients provided informed consent for the use of their examination results for teaching and research purposes.
This study was approved by the Institute Review Board of The Hong Kong Polytechnic University
(HSEARS20250924004) and adhered to the principles of the Declaration of Helsinki.

Study Design

This was a retrospective, single-center study of patient records from our electronic medical records. Upon appointment
registration at the reception counter, ophthalmic assistants who received training administered pre-consultation testing
battery for every patient. The pre-consultation testing battery comprised auto-refraction, non-contact tonometry, and
focimetry for those wearing spectacles. Since retinal pathologies were more common in older people, routine OCT
examinations were conducted only in patients aged 40 years or above, using the Topcon Maestro2 model. Imaging was
performed using the 3D Wide (H) mode, which captured a 12 mm % 9 mm area encompassing both the macula and the

Clinical Optometry 2026:18 https: 5



Yau et al

Figure 4 A fourth patient with peripapillary intrachoroidal cavity. (a) Fundus photo of a patient with a lesion at the inferior part of the optic disc; (b) B-scan OCT of the
green line in (a) showing a peripapillary intrachoroidal cavity inferior to the disc.

optic disc. The scanning resolution was 512x128 pixels, corresponding to a transverse resolution of 23.4 um horizontally
and 70.3 pm vertically. The axial resolution was 6pum. The scanning speed of the 3D Wide (H) mode was 50,000 scans/s.
The results included 128 horizontal B-scan images and circumpapillary retinal nerve fiber layer (RNFL) thickness. Signal
strengths were at least 30 or above according to the recommendation of the manufacturer. Following the OCT scan,
a fundus photograph was obtained to complement the structural data with a color image of the retina. An automated
scanning protocol was employed without the use of mydriatic agents.

All staff optometrists conducted the eye examinations as usual. Best-corrected visual acuity (BCVA) was evaluated
using a logMAR chart. Intraocular pressure measurements were performed and anterior ocular health was evaluated. Slit-
lamp biomicroscopy was conducted with dilated pupils, unless contraindicated for pupil dilation. During dilated fundus
examination (DFE), a 90-D lens was used, and the optic disc, macula, and peripheral retina were scanned. Binocular
indirect ophthalmoscopy was conducted with a 20-D lens. At the end of the above examinations, optometrists were
allowed to access images acquired by the routine OCT examinations. Any occult retinal abnormalities observed by OCT
imaging but no retinal pathology detected in biomicroscopic fundus and binocular indirect ophthalmoscopic examina-
tions were marked. Patients without occult retinal pathologies were set as another group. Staff optometrists arranged
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Figure 5 A fifth patient with peripapillary intrachoroidal cavity. (a) Fundus photo of a patient with a lesion superior to the optic disc; (b) B-scan OCT of the green line in (a)
showing a peripapillary intrachoroidal cavity superior to the disc.

follow-up appointments, if necessary, for relevant occult retinal abnormalities identified from the OCT images. An
independent optometrist retrieved patient examination records from the electronic medical records.

Statistical Analysis

Descriptive information was gathered regarding the number of eyes with occult retinal abnormalities that were not
identified on comprehensive eye examinations. The frequencies of different abnormalities were determined based on the
number of patients assessed. Statistical analyses were performed using SPSS (version 27.0, IBM Corp., Armonk, NY,
USA). Normality of the data was checked using the Kolmogorov—Smirnov test. Continuous variables were expressed as
mean + standard deviation. The chi-square was used in the analysis of categorical two-group data. Non-parametric test
was conducted to evaluate the distribution of variables between groups.

Results

A total of 1398 patients underwent routine OCT examinations before seeing the optometrists. The OCT image quality
was poor in 32 patients, and their results were excluded from the analysis. Among the remaining 1366 patients, 215 of
them (15.7%) had occult retinal abnormalities identified only by the OCT imaging. Some patients had more than one
abnormality. Table 1 summarizes these abnormalities and their frequencies. There was no difference in age between
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Figure 6 A patient with retinal pigment epithelium detachment. (a) Fundus photograph of a patient with a lesion at the inferior perimacular region; (b) B-scan OCT of the
green line in (a) showing a serous pigment epithelium detachment.

patients with and without occult retinal abnormalities except those patients with epiretinal membrane (ERM) and lamellar
hole were older.

Focal choroidal excavation (FCE) and idiopathic central serous chorioretinopathy (ICSC) tended to be more
commonly in male (Table 2).

Common occult retinal abnormalities found in this study are shown. Figures 1-5 are peripapillary intrachoroidal
cavitation (PICC). Figure 6 is retinal pigment epithelium detachment (PED). Figures 7 and 8 are idiopathic central serous
chorioretinopathy (ICSC).

Figure 9 was a patient with both serous detachment and cystoid macular edema (CME). Figure 10 is an example of
two patients with thin RNFL. Examples of lamellar holes are shown in Figures 11 and 12. Figure 13 is an example of
focal choroidal excavation.

Discussion

OCT is an ideal imaging modality for identifying ocular lesions. The three most common occult retinal abnormalities
missed in the comprehensive eye examination but identified in the pre-consultation OCT examination were posterior
vitreous detachment (PVD), ERM, and PICC. Our optometrists were unable to detect them during the comprehensive eye
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Figure 7 A patient with idiopathic central serous chorioretinopathy. (a) Fundus photograph of a patient with a lesion along the papillomacular bundle; (b) B-scan OCT of the
green line in (a) showing serous detachment.

examination but they were identified by OCT imaging. This was likely because the patients had good BCVA and the
abnormalities were mild. Weill et al reported that age-related macular degeneration (AMD) and ERM are the two most
common pathologies missed in a normal macular slit-lamp biomicroscopy in patients scheduled for cataract surgery.’
Other similar studies also found a high prevalence of vitreoretinal interface abnormalities.®'® Icoz and Icoz'* found that
ERM was the most common occult retinal pathologies detected by OCT imaging, followed by AMD.

Detection of mild asymptomatic PVD is difficult through DFE because the vitreous is a transparent and invisible gel.
It is conceivable that there is a high prevalence of PVD on OCT examination using cross-sectional B-scan images. In the
past, PVD was reported to occur after the sixth decade of life.'” Tsukahara et al employed wide-angle OCT and found
that PVD occurred in patients as young as 21 years of age with a very mild stage.'® The detachment mainly occurs in the
paramacular to peripheral regions. Hayashi et al suggested that PVD can be detected even in children during their first
or second decade of life through montaged OCT imaging.'” When PVD is associated with symptoms such as the onset of
flashes and floaters, the risk of retinal tears or vitreous hemorrhage is high.'® Recent studies reported that up to 25% of
patients with acute PVD had complications including lattice degeneration, vitreous hemorrhage, and retinal breaks
without or with detachment during DFE.'**° Eighty-one patients (5.9%) with PVD identified through pre-consultation
OCT did not report seeing floaters. Thirty-eight patients had a bilateral PVD. Mild detachment may have been missed
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Figure 8 Another patient with idiopathic central serous chorioretinopathy. (a) Fundus photograph of a patient with a lesion at the superior perimacular region; (b) B-scan
OCT of the green line in (a) showing serous detachment.

because it was either far from the fovea or at a very mild stage. For acute symptomatic PVD without concurrent retinal
tears, 7.39% of patients develop retinal lesions several years later.”' Hence, repeated examination is important to identify
similar abnormalities in the fellow eye.?*** These studies focused on acute symptomatic PVD. Further investigations are
required to determine whether asymptomatic PVD has a similar rate of delayed retinal abnormalities.

Forty-six patients (3.4%) had mild ERM, which was not identified from comprehensive eye examination. ERM was
bilateral in eight patients. The ERM can occur idiopathically in the macular or at the paramacular regions due to PVD.
The former is commonly known as macular pucker. It can be identified from structural evaluations, such as distorted
retinal vessels in the fundus examination, as well as functional evaluations, such as metamorphopsia from the Amlser
chart. It has a prevalence rate of 7% to 11.8%.%*?* The International Vitreomacular Traction Study Group has defined and
classified different stages of vitreomacular adhesion and traction based on anatomy without regard to symptoms.”® These
46 patients were asymptomatic, and no sign of ERM was noted on fundus examination. Mild ERM was detected only on
OCT images. Several macular problems can occur owing to excessive traction on the inner retinal surface. In addition to
ERM, there are pseudoholes, lamellar holes, and full-thickness macular holes. The ERM is formed during vitreoschisis,
with vitreous separation from the inner retinal surface, which triggers the proliferation of glial cells and histiocytes. Mild

ERM or ERM that do not involve the macula may not cause any symptoms. Early diagnosis of mild ERM is important
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for practitioners to issue Amsler charts for patient self-monitoring. Gelormini et al found that ERM could affect near
visual performance, including near BCVA and reading speed.?’ Surgical treatment involves removing the ERM or
together with the internal limiting membrane.?® However, it remains controversial, because of the potential postoperative
complications associated with the surgery.***°

PICC was first described by Freund et al using time-domain OCT.*! It is a complication mainly observed in
highly myopic eyes. It normally appears as a yellow-orange lobular lesion at the edge of the optic disc. OCT can
highlight abnormalities at the intrachoroidal location, thereby earning its current name.*? In our study, 43 patients
(3.1%) had PICC, four of which were bilateral. We found that PICC occurred more commonly in a region inferior to
the optic disc (Figures 1-4), rather than superior to the optic disc (Figure 5). Eyes with PICC could have visual field
defects or retinoschisis between the subretinal or intraretinal space and the PICC cavity.>* Huang et al found that
PICC was more prevalent in myopic eyes with open-angle glaucoma.>* Our patients with PICC had healthy
neural rim.

PED is a relative common feature in eyes with ICSC or AMD. In our study, 27 patients (2.0%) with mild PED in
the perimacular region were identified by the pre-consultation OCT, with no signs on fundus examination. The

Figure 9 A patient with both serous detachment and cystoid macular edema. (a) Fundus photograph of a diabetic patient’s right eye with non-proliferative diabetic
retinopathy; (b) B-scan OCT of the green line in (a) showing cystoid macular edema; (c) Fundus photo of the same patient with OCT at the foveal region; (d) B-scan OCT of
the green line in (c) showing serous detachment; (e) Fundus photo of the same patient’s left eye; (f) B-scan OCT of the green line in (e) showing cystoid macular edema at
the paramacular region.
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Figure 9 continued.

impact on the fovea was considered minimal. Lewis noted that tiny serous PEDs can be too small to detect on
routine fundus examination.’® Our findings were consistent with this observation (Figure 6). Pre-consultation OCT
also identified tiny ICSC close to the macula (Figure 7), and perimacular region (Figure 8). Younger patients with
PED could be a benign lesion, whereas older patients could be associated with AMD with possible hemorrhagic
sequelae.®® Zayit-Soudry et al wrote a comprehensive review on different types of PED.?” Serous PED usually
appears yellow-orange with a reddish halo of subretinal fluid, whereas drusenoid PED is more orange-gray.
Fibrovascular PED is difficult to identify from colour fundus photography unless there is haemorrhage associated
with it.*® A small PED with heterogeneous internal reflectivity and a connected double-layer sign on OCT may
suggest a polypoidal lesion in polypoidal choroidal vasculopathy (PCV).** Hence, patients with PED require more
frequent monitor including the issue of an Amsler chart.

OCT is useful to differentiate different causes of macular thickening. There was a diabetic patient with systemic
hypertension and hyperlipidemia. Apart from non-proliferative diabetic retinopathy in each eye, this patient had both
serous detachment and CME in one eye but just CME in the other eye (Figure 9). Management of serous detachment and
CME are different. The former can be recovered on its own or through photodynamic therapy if it cannot be resolved
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Figure 9 continued.

spontaneously while the latter requires anti-vascular endothelial growth factor therapy. Hence, an accurate diagnosis is
important.

Our scan modality included measurement of the circumpapillary RNFL. There were 12 patients with RNFL thinning
at the superior or inferior temporal regions than the database of the OCT system. Figure 10 is an example. Glaucoma
workup including high resolution OCT and perimetry was advised to these patients to further evaluation the cause of
RNFL thinning. Six of them returned and three patients were eventually referred to ophthalmologists due to normal
tension glaucoma (Table 3). Six patients did not return for glaucoma workup. It was unknown if they did have thin
RNFL, or simply a false-positive for thin RNFL, ie. red disease.’ Practitioners may measure circumpapillary RNFL to
screen for glaucoma. Kim and Park*' advocated the incorporation of three-dimensional neuroretinal rim measurement to
reduce the false-positive rate for glaucoma diagnosis. Utilization of OCT for screening glaucoma patient remains
controversial. High-risk populations may be worth for OCT examination for early diagnosis of glaucoma.** However,
more examinations such as evaluation of the neural rim, perimetry, Bruch’s membrane opening-minimum rim width, etc,
should be considered to better diagnose glaucoma.*?

Twelve patients had lamellar holes. Our dataset did not have patients with full-thickness macular hole. Development

145

of lamellar hole could be due to progressive contraction of ERM.** Govetto et al** divided lamellar macular holes into
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Figure 10 Two patients with thin retinal nerve fiber layer (RNFL). (a) A patient with an unusually thin RNFL at the superior temporal region in the right eye. The blue
numbers are RNFL thickness value in microns; (b) Another patient with an unusually thin RNFL in both the superior and inferior temporal regions in the left eye. The blue
numbers are RNFL thickness value in microns.

tractional (Figure 11) and degenerative types (Figure 12), with the former one highly associated with ERM. Surgical
intervention may not be necessary, particularly if there is no epiretinal proliferation.*® Kim et al also reported that vision
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Figure |1 A patient with a lamellar hole. (a) Fundus photo of a patient’s fovea; (b) B-scan OCT of the green line in (a) showing a tractional lamellar hole with epiretinal
membrane.

was stable in tractional macular holes even without surgical intervention.*’ Other abnormalities picked up by OCT
included reticular pseudodrusen (Figure 2) and focal choroidal excavation (Figure 13).

Hood et al suggested that a real-world reference database could be created by using OCT scans of healthy patients
from optometry sites.'?> We obtained good number of OCT scans in just two months. Further analyses of these images
with the use of artificial intelligence may facilitate the generation of a validated real-world reference database.
Regarding the use of OCT in tele-health programme, a pilot study has shown good patient convenience and
adherence. "

There are limitations of this study. This study involved one single optometry clinic. This clinic-based, self-selected
cohort cannot represent the general population in Hong Kong. These individuals could be more health conscious and
may have higher socioeconomic or educational status. These occult retinal abnormalities could be mild and patients
could be asymptomatic in this primary care setting. We did not aim to study prevalence of different ocular

abnormalities. Purpose of this study is to evaluate usefulness of OCT in a primary care setting. The reported
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Figure 12 Another patient with a lamellar hole. (a) Fundus photo of a patient’s fovea; (b) B-scan OCT of the green line in (a) showing a degenerative lamellar hole.

frequencies indicated occult retinal abnormalities that were missed in comprehensive eye examination but identified
from OCT.

Conclusion

Vision screening is common for paediatric group,***’

whereas ocular health screening is more important in older
population.”®>' Most of the ocular health screening rely on fundus photography incorporating digital technology,’?
and artificial intelligence.>® Although some occult retinal pathologies were detected, there was no alternation on patient
management because these retinal pathologies were very mild (eg. PVD and ERM), away from the macula (eg. PED), or
no serious consequence (eg. FCE and PICC). Hence, routine OCT examinations might not be necessary as a routine

procedure.

Study Approval
This research adhered to the principles of the Declaration of Helsinki and its ethical guidelines. Approval for this study
was granted by the Institute Review Board of The Hong Kong Polytechnic University (HSEARS20250924004).
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Figure 13 A patient with focal choroidal excavation. (a) Fundus photo of a patient’s fovea; (b) B-scan OCT of the green line in (a) showing focal choroidal excavation.
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