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Background: To investigate association between optic disc parameters analyzed by optical coherence tomography (OCT) and
occurrence of peripheral retinal tears in patients with symptomatic posterior vitreous detachment (PVD).

Methods: This cross-sectional study enrolled 75 patients with symptoms of acute PVD, who were allocated into two groups based on
whether a peripheral retinal tear occurred or not.

Results: When comparing the average retinal nerve fiber layer (RNFL) thickness (um) between retinal tear and control groups, it was
shown that patients with a retinal tear have a significantly higher (87.18 [95% confidence interval (CI), 84.47 to 89.9] vs 81.14 [95%
CI, 77.81 to 84.46], P = 0.005) average RNFL thickness. Furthermore, we observed a significant difference (0.13, 0.06 to 0.22 vs 0.07,
0.04 to 0.1, P = 0.036, Mann—Whitney U-test) in the size of cup volume (mm®) between the tear and control groups, respectively.
Linear regression showed a significant decrease (P = 0.029) in average RNFL thickness with increasing age, but without a significant
difference between the two groups. There was no statistically significant difference between the tear and control groups in terms of rim
area, disc area, and average cup-to-disc ratio.

Conclusion: Patients with a higher average RNFL thickness and larger cup volume measured by OCT were more prone to develop
a peripheral retinal tear. Increased peripapillary average RNFL thickness due to trauma and subsequent inflammation, possibly related
to the more adherent posterior hyaloid membrane to the retina, may also indicate strengthened adhesions in the areas of the peripheral
retina where retinal tears occur. OCT analysis of the optic nerve head may be used in everyday clinical practice as a predictor of the
development of peripheral retinal tears in patients with symptomatic PVD.

Keywords: retina, retinal perforations, vitreous detachment, optic disk, optic nerve, axial length, EYE, posterior eye segment,
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Introduction
The vitreous body is the gel-like structure in the human eye. It is composed of transparent connective tissue that fills the
vitreous cavity, occupying more than 75% of the total ocular volume.' The adhesion of the vitreous body to the retina is
strongest around the base of the vitreous body, at the optic disc, in the macular area, and at the large retinal blood
vessels.”

Posterior vitreous detachment (PVD) is a separation of the vitreous body from the inner retinal layers as a result of
vitreous degeneration and collapse. This aging-related state has a prevalence of 24% in the population aged between 50
and 59 years, and up to 87% in those aged between 80 and 89 years.
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Patients with symptomatic PVD frequently present with symptoms of visual disturbances, such as floaters and/or
flashes of light in their visual field.*> In some patients, PVD leads to retinal damage through traction on abnormal
vitreoretinal adhesion with retinal tears, which may eventually induce retinal detachment if collapse occurs.®’
Furthermore, a recent study showed that patients with symptomatic PVD, confirmed by fundoscopic examination,
have a 14% incidence rate of retinal tears as a complication.®

Optical coherence tomography (OCT) is a non-invasive imaging technique commonly used to analyze the optic nerve

head and peripapillary retinal nerve fiber layer (RNFL) thickness.”'”

While aging is a degenerative process typically associated with retinal thinning, as confirmed by several studies,'"'?
because of the more adherent hyaloid in the case of PVD with a developed peripheral retinal tear compared to PVD
without a peripheral retinal tear, mechanical trauma that occurs during the separation of the posterior hyaloid membrane
triggers a more severe inflammatory response that may lead to at least temporary peripapillary retinal thickening.

The aim of the current study was to determine if there is a relationship between the optic disc configuration and
peripapillary RNFL thickness and the occurrence of peripheral retinal tears in patients with symptomatic PVD. We
hypothesized that patients with a peripheral retinal tear have a more pronounced inflammatory response, which results in

different OCT optic disc parameters compared to patients without a retinal tear.

Patients and Methods
Study Design and Participants

The current cross-sectional study was performed at the University Hospital of Split, Croatia, between August 2022 and
March 2023. This paper adheres to the applicable STROBE guidelines and was conducted in accordance with the
principles of the Declaration of Helsinki. Ethical approval for this study (Ethical Committee No. 2181-147/01/06/LJ.Z.-
23-02) was provided by the Ethical Committee of the University Hospital of Split (Chairperson Prof Lj. Znaor) on
21 July 2022. All patients provided written informed consent.

The study enrolled 75 phakic patients aged between 48 and 87 years who were admitted to the ophthalmic emergency
department with symptoms of acute PVD. The diagnosis of acute PVD and peripheral retinal tear was fundoscopically
confirmed by non-contact indirect fundoscopy lens after pupil dilatation with tropicamide eye drops, by DB and AK
(Figure 1). The axial length was measured by an optical biometer (Al-Scan, NIDEK Co., Ltd., Gamagori, Aichi, Japan)
and the optic nerve configuration was analyzed by OCT (Zeiss Cirrus HD-OCT 400, Carl Zeiss Meditec Inc., Jena,
Germany) (Figure 2), by AK and evaluated by DB and AK.

Figure | Wide-field fundus photography. Peripheral retinal tear (white arrows), Weiss ring - sign of PVD (black arrow).
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Figure 2 OCT sample.
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The patients were separated into two groups, depending on whether a peripheral retinal tear was visualized by
fundoscopic examination or not. Acute PVD was accompanied by a peripheral retinal tear in 38 patients, whereas in 37
patients, complete PVD developed without a peripheral retinal tear (control group of this study).

Patients who had prior cataract surgery, glaucoma, diabetes mellitus, optic neuropathies, and malignant peripheral
retinal degenerations were excluded from the study. Malignant peripheral retinal degenerations were defined as peripheral
retinal areas with a stronger adherence between the hyaloid membrane and the retina (ie, lattice degeneration), given that
such areas are more prone to the development of retinal tears during PVD.

After completing the necessary measurements for the study, patients with peripheral retinal tears were treated with
argon laser photocoagulation, while patients in the control group were scheduled for a follow-up examination in two

weeks unless new visual symptoms occurred.

Statistical Analysis

Data analysis was performed using MedCalc, version 20.211 (MedCalc Software Ltd, Ostend, Belgium). The
Kolmogorov—Smirnov test was applied to test if variables are normally distributed. Continuous variables are expressed
as the means =+ SD or medians and interquartile range (IQR), and independent-samples ¢-test or Mann—Whitney U-test
were used to evaluate statistical significance. Linear regression was used to test the association between variables.
Statistical significance was set at two-sided P <0.05.

The required sample size for comparison of means: if type I error (o) was set to 0.05, type II error (B) to 0.2
(comparison of means), and power to 80%, was 64 patients (32 + 32). When considering an estimated attrition rate of less
than 10%, the final sample size was increased to a total of 75 patients. MedCalc, version 20.211 was used to calculate the
required sample size.

Results

Study Population

Between August 2022 and March 2023, 91 patients consulted the emergency department of the ophthalmological clinic
due to PVD-related symptoms. Sixteen patients were excluded from the study due to insufficient data or poor signal
strength on examination scans. Ultimately, we analyzed the data on 75 patients. The baseline demographic and clinical
characteristics of the patients are presented in Table 1.

OCT Analysis
The analysis of optic nerve head and peripapillary RNFL thickness in the patients was performed using OCT.

When comparing the axial length (mm) between the tear and control groups, a significant difference was observed
between the groups (IQR, 23.83 to 24.47 vs 23.27 to 23.98, P = 0.029, Mann—Whitney U-test) (Figure 3).

The linear regression showed that younger patients had a significantly (P < 0.001) longer axial length in comparison
with older patients (Figure 4).

Table 1 Demographic and Clinical Characteristics

Tear Group, n = 38 | Control Group, n = 37 | P value
Age (year) 65.39 (62.94 to 67.85) 68.97 (66.6 to 71.35) 0.037
Male sex 20 (52.7) I'1(29.8) 0.044
Axial length (mm) 24.15 [23.83 to 24.47] 23.62 [23.27 to 23.98] 0.029
Avg. RNFL thickness (um) | 87.18 (84.47 to 89.9) 81.14 (77.81 to 84.46) 0.005
Rim area (mm?) 1.33 [1.28 to 1.49] 1.34 [1.27 to 1.62] 0.442
Disc area (mm?) 1.88 [1.79 to 2.04] 1.92 [1.78 to 1.99] 0.970
Cup volume (mm?) 0.13 [0.06 to 0.22] 0.07 [0.04 to 0.1] 0.036
Avg. CDR 0.5 (0.46 to 0.55) 0.46 (0.4 to 0.52) 0.218

Notes: Data are presented as number (%), mean + SD, and median (IQR) as appropriate.
Abbreviations: RNFL, retinal nerve fiber layer; Avg. CDR, average cup-to-disc ratio.
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Figure 3 Comparison of axial length and between groups.
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Figure 4 Relationship between axial length and age; a linear regression.

Furthermore, when comparing the average RNFL thickness (im) between the tear and control groups, patients with
retinal tears had a significantly greater average RNFL thickness (87.18 [95% confidence interval (CI), 84.47 to 89.9] vs
81.14 [95% CI, 77.81 to 84.46], P = 0.005) (Figure 5).
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Figure 5 Comparison of RNFL thickness between groups.

Average RNFL thickness showed a significant decrease in linear regression analysis (P = 0.029) with increasing age;
however, there was no significant difference in decreasing linear regression with age between the tear and control groups
(Figure 6).
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Figure 6 Relationship between RNFL thickness and age; a linear regression.
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Figure 7 Comparison of cup volume between groups.

The size of cup volume (mm®) was significantly different between the two groups (IQR, 0.06 to 0.22 vs 0.04 to 0.1,
P =0.036, Mann—Whitney U-test), as is shown in Figure 7.

Finally, there was no statistically significant difference between the tear and control groups when comparing rim area,
disc area or cup-to-disc ratio parameters.

The distribution of retinal tears per quadrant is presented in Table 2.

Discussion

The current cross-sectional study of 75 patients found that the presence of a retinal tear following acute PVD was
significantly related to a greater average RNFL thickness, as measured by OCT. In addition, it has been shown that
patients with a retinal tear following acute PVD have a significantly larger cup volume in comparison to patients without
a retinal tear. To our knowledge, this is the first study to assess the impact of optic disc configuration and peripapillary
RNFL thickness on the occurrence of peripheral retinal tears in patients with symptomatic PVD.

It is well known that the force of adhesion of the vitreous body to the retina varies, with the greatest tension around
the base of the vitreous body, at the optic disc, at the macular area and at large retinal blood vessels.” We speculated that
the distribution of forces on the peripheral vitreoretinal interface depends on the velocity of the vitreous detachment from
structures where its adhesion is strongest. Furthermore, we presumed that this velocity may vary due to different clinical

Table 2 Distribution of Retinal Tears per

Quadrant
Quadrant Total Number | Percentage
Upper temporal 27 71.1
Upper nasal 5 13.2
Lower temporal 4 10.5
Lower nasal 2 53
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parameters that affect the optic disc configuration, becoming a risk-related factor for developing peripheral retinal tear
during acute PVD.

The results showed that patients with retinal tears had a significantly greater average RNFL thickness in comparison
to patients without retinal tears. Since PVD is a gradual process that can take substantial time to fully develop,'® the
changes in RNFL thickness also occur gradually over time.'"'> Our presumption is that the changes present in the RNFL
layer of the peripapillary zone that occur due to the spontaneous separation of the hyaloid membrane during PVD are
equivalent to those that occur due to the surgically induced separation of the preretinal tissue in the form of the
epimacular membrane from the internal limiting membrane (ILM), as observed in numerous studies evaluating retinal
thickness after epiretinal membrane (ERM)/ILM peeling.'*"” This is also a form of trauma that leads to inflammation
and consequent thickening of the neurosensory retina in the same zone. Furthermore, we believe that a strengthened
connection between the hyaloid membrane, as in the peripapillary zone, also exists in certain places on the retinal
periphery and these same places are the zones where the retina opens, ie, the formation of retinal rupture.'’ The
proportion of thickening may depend on the intensity of the mechanical and inflammatory processes during the early
phases of posterior hyaloid separation. However, electron microscopy evaluation is mandatory to prove this thesis.

Although our study did not provide an exact explanation considering the design of the study, we showed that larger
cup volume is significantly associated with an increased risk of a peripheral retinal tear in the scenario of acute PVD.

The axial length in patients with tears was significantly longer compared to controls. Axial myopia is broadly
recognized as a significant risk factor for developing a retinal tear and is one of the most important features in the BRET
score.'®!? As seen in previous studies, we revealed a significant difference in age between the control and tear groups,
with the tear group being statistically significantly younger.?**' Next, the distribution of retinal tears by quadrant shows
that the superotemporal quadrant was affected most frequently (71.1%), followed by superonasal (13.2%), inferotemporal
(10.5%) and inferonasal (5.3%) quadrants. Two previous studies found a similar distribution of peripheral retinal tears in
retinal detachment in terms of a solitary tear, ie, it was most likely to present in the superotemporal quadrant (55%) and
least likely in the inferonasal quadrant (6%).>** Finally, our study supports the findings of Ramyashri et al, who showed
a statistically significant decrease in average RNFL thickness in patients with increasing age.?**>

This study, which utilizes a cross-sectional design with a sample of 75 patients, has limited ability to provide close insights
about the pathophysiological nature of the increased incidence of peripheral retinal tears in patients with a greater average
RNFL thickness and larger cup volume, as measured by OCT, and may not be generalizable to the broader population due to
potential selection bias and specific exclusions, resulting in a relatively healthy subset of patients, while the lack of long-term
follow-up complicates the observation of changes over time. The wide age range of patients introduces additional variability
in the results, and the use of specific measurement equipment may affect the reproducibility of findings in different settings.

Conclusion

Increased peripapillary average RNFL thickness in the case of PVD with peripheral retinal tears due to trauma and
subsequent inflammation, possibly related to the more adherent posterior hyaloid membrane to the retina, may also
indicate strengthened adhesions in the areas of the peripheral retina where retinal tears occur. This cross-sectional study
showed that the optic disc configuration analyzed by OCT may be a valid prognostic tool to assess the risk for the
development of peripheral retinal tears following acute PVD. However, further investigation into the underlying
mechanisms of this complication is necessary to enhance our understanding and improve clinical outcomes.

Data Sharing Statement
The datasets used and analyzed during the current study are available from the corresponding author on reasonable
request.
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