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Abstract

Background:The posterior vitreous detachment (PVD) is a separation of the posterior
vitreous cortex from the internal limiting membrane of the retina. T®éD induces
several potentially serious pathologic events at the vitreoretinal interface. The aim of
the study is to determine if relationships exist between PVD, machiekriess (MT)

and the foveal avascular zone (FAZ) in myopic eyes.

Methods: This is a retrospective case study of 63 myopic subjects who underwent

comprehensive eye examination including the optical coherence tomography

angiography (OCTA) between January 1 and Jun 30, 2019. The spherical equivalent

(SE) was calculated usitige manifest refraction. The myopia grouping was based on
a severity scale, namely mild, moderate, high and very high using starefeadtive
error classifications. The PVD classification was based on optical nokere
tomography (OCT) images. The status of the PVD and MT were evaludtdtiaeilar
Cube 200 x 200 images and the FAZ was imaged with an OCTA, Angiediéxk.ar
FAZ dimensions were calculated using a custom algorithm.

Results:A total of 114 myopic eyes subjects had median (rangepfg6.00 (22.00 -
28.00) years. Of this cohort, females comprised 62.3 % of the datasktha right
eyes were 50.00 %. In this population, 10 eyes had no PVD in any quadrai8 and
eyes had incomplete PVD in all four quadrants. The inferior quadradt the
maximum number of PVD cases and the nasal quadrant had the least nahdaeses.
High myopic eyes exhibited significantly increased low foveal volume (p = 0.080). Th
inferior part of para- and perimacular area showed a significant thgyim very high
myopic eyes (p = <0.05). A statistically significant alteration of FAZadircuhdex

found in very high myopic eyes (p = 0.002).
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Conclusion:In high and very high myopic eyes, an increasing trend of partial PVD is
seen. The most commonly involved location was the inferior quadrant. A sagmific
alteration in foveal volume and circularity index of the FAZ is seergindrd very

high myopic eyes.

Keywords: Myopia, Posterior vitreous detachment, Foveal avascular zone, OCT, Macular

thickness

Background

Liguefaction of the vitreous gel which is attached to the internal limiting membaddriae
retina [1-3] or spontaneous posterior vitreous detachment (PVD) from the reticanisidered

to be a part of normahgng process [1,4]. The onset of PVD is usually reported around the
fifth decade of life or later in normal]. The shallow PVD not only helps to predict the
prognosis and also determines the indication for vitreoretinal surgemany vitreoretinal
conditions [5] The usual slit lamp examination with a +90D lens fails to detect shallow PVDs
[5] Currently, the spectral-domain optical coherence tomography (SD-OCT) issobnused

[2] to image the structural relationship of the vitreomacular interface [3,6]. The SD-OC
method not only helpgo qualitatively diagnose different stages of disease but can also be
used to quantify the PVD stages.

The increasing prevalence of myopia worldwide [7,8] can lead to potentiailyifg ocular
complications especially in the posterior part of the eyes in pathologicapasy/[7].Usually

the pathological myopic complications are bilateral [9]. Myopes arertegdo have long
axial length especially in cases of high myopia (>26.5 mm) due to settmala [7,8,10].
Rhegmatogenous retinal detachment has a higher incidence in axial myopgctsud,11].

Foveal retinoschisis and posterior staphyloara also reportedin high myopia [4]. Bond-
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Taylor et al.12] reportedthe PVD prevalence in normal individuals was 24 % among subjects
aged between 50-59 and increases to 89 % in thdetade of life.

However,jn high myopes, the onset of PVD has been reported to occur much earliendman
myopic or low-moderate myopic eyes [4,1Bbr example, Akiba []1lisinga slit-lamp method
reported that the onset of PVD in high myopes was in the third decade @itifélarly, Itakura

et al. [4] also reportedhat in high myopes (worse than -8.00D) PVD could occur as early as
the third decade of life.

Many authors have hypothesized that retinal changes occur as a result of mechanical
stretching due to axial elongation in myopia [7,8,14]. During axialcttimgthe traction of

the vitreous on the fovea in myopic eyes causes structural changes [7]g @tual. [15]
reported no significant foveal thickness changes with the axial length up to an axial length of
25.5 mm - 26.00 mm. In high myopic eyes (SE worse than -8.00ARLor26.00 mm), a
significantly thicker fovewas found with a steep foveal slope. [7,16]

Gomaa and Abouhussein [17] reportedatiretinal morphological changes are common in
high myopic eyes and recommended that OCT based investigation should beautdely.

Ito et al. [18] reported close correlations between the degree of PVD and the stages of
idiopathic macular hole. Xu et al. [19] classified the vitreomacular interfacas#iseand its
sub-classificatiosbased on vitreomacular adhesion and vitreomacular tractitence foveal
morphological changes are expected in high myopia, especially in the supeeticial layers

[20] and blood vessels.

To the best of our knowledge there are no reports investigating the relationship betRMEn
central macular thickness (CRT) and foveal microvascular zone (FAZ) dimensions ¢n myopi

eyes. This is the subject of this study.
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Methods

Subject

The electronic medical records (which included OCTA) of all myopic subjects whoavisited
tertiary eye cag Z} * %o | Eefmftive surgery clinic, in Chennai, India betwdamuary 1 and

Jun 30, 201%vere reviewed. A total of sixty-three subjects (114 eyes) were included in the
study. Myopia was classified into four groups based on spherical equiv8&nt(], namely

low myopia (SE between -0.12 and -3.00 D), moderate myopia (SE betw&2rar8d -5.00

D), high myopia (SE between -5.12 and -10.00 D) and very highan{§s& worse than - 10.00

D). The SE was calculated using the manifest refraction during the ophthalmic examination.

The exclusion criteria were any prior history or clinical evidence of retirsgisbemic disease.

Paramacular

Fovea
Perimacular /_/\ Perimacular
Centre 3

Figure 1: An example and a schematic diagram of a SD-OCT horizontal radrebgea he PVD classification based on
PVD location. The above picture shows the PVD extended till parimacular aregagihl.2.
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AngioPlex Superficial: LM+0, IPL+0

Figure 2: A relationship between PVD location and the correspondiagida macular thickness and angioplex image us
the ETDRS method. A & B) a radial scan of a horizontal andavedan. The numbers 1, 2 & 3 indicating the mact
anatomical structures 1) fovea, 2) paramacular and 3) perimacular area. C) Are émdge of macular and FAZ with ETC
segmentation D) the ETDRS macular thickness (in microns) tmtresponding area of the fovea, para, and peri mact
regions.

Central macular thickness and Foveal microvascular dimension

Both central macular thickness (Macular cube 200 X 200) and foveal microvascular dimensions
(Angioplex) were imaged using optical coherence tomography angiogi@@yA Cirrus

5000 AngioplexCarl Zeiss Meditec Inc., Dublin, CA). TM& @as calculated by an algorithm
inbuilt in the device. The foveal microvascular dimensions were calculated usirggom-
developed MATLAB program [22] and this algorithm has been used to studyAHe
dimensionsn normal, diabetic and myopic eyes [23]. The macular cube utiiZ&dm x 6

mm (vertical x horizontal) window axial scans in the macular region. The macular region wa
divided into 9 quadrants with 3 concentric rings [7] (The central 1.0 mm diamtg
represents the fovea. the second 2.0 mm diameter ring represents the para-macular region
and the outer most 3.0 mm ring represents the peri-macula; Figure 2). Tdulan
thicknesses of every sector were defined by the ETDRS map [24] and were averaged for

analysis.
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PVD Classification

A single clinical expert (RRN) classified the PVD based on the OCT radial imaitpeseofital

and horizontal Since most of the cases had very early PVD, the method for PVD classification
given by Itakura et al [4] was modified. Figure 1 shows the stages oW s classification.

If no PVD was seen within the 6 mm scan it was graded as Grade 0. The Grade 1 PVD is a
perimacular area attached PVD, the Grade 2 is the PVD attached to the paramacalar are
Grade 3 is the foveally attached PVD. Grade 1 caviengier area and hence it was further
sub-classified to 1.1 and 1.2 based on the PDV location (Figure 1). The PVD was graded for all

four quadrants (superior, nasal, inferior and temporal).

Statistical analysis

All statistical analyses were performed using the SPSS v&@iBPSS Inc, Chicago, lllinois,
USA). The normal distribution of quantitative variables was checked using kinedtrov-
Smirnov test. A one-way analysis of variance (ANOVA) and Kruskal Wallis analysis was
performed for comparison between PVD groups. A two-sided unpaired student t-test was
used to compare the various parameters of the sub-group myopic groups. The p-@4dlGe <

was considered significant for all the statistical tests.

Results

Out of the total of 14 eyes, 43 were male (37.72 %) and 71 were femal8%). The
median * interquartile range (IQR) of age, best corrected visual acuity (BCVA) anthiSE of
population were26.00 (22.00t 28.00) years, 0.00 (0.000.00) logMAR and -5.%8(-3.09 D -

-8.06 D respectively. The median (IQR) of CMT, FAZ area and macular cube vdidwe (
were 248.00 (235.00t 260.00) pm, 0.27 (0.200.34)mm?and 9.80 (9.60t 10.10) for the full
sample. Table 1 shows the study sample demographic and clinical characteristics and their

sub-groups based on PVD stages.
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Table 1: The demographic details of the study population.

Age (years) SE (D) BCVA (LogMAR)
Low myopia 23.0 (21.0t 27.0) -2.25 (-1.37 to -2.50) 0.0 (0.0t 0.0)
Moderate myopia 26.0 (23.0t 31.0) -4.25 (-3.500 -4.50) 0.0 (0.0t 0.0)
High myopia 26.0 (23.0t 28.0) -6.44 (-6.280 -7.75) 0.0 (0.0t 0.0)
Very High myopia 27.0 (22.5t 30.0) -14.25 (-11.2%0 -18.06) 0.0 (0.0t0.1)
Overall myopia 26.0 (22.0t 28.0) -5.56 (-3.090 -8.06) 0.0 (0.0t 0.0)
p-Value 0.568* 0.000** 0.000**

*One-Way ANOVA, **Kruskal Wallis, SE: Mean spherical equivalent, BCVA: Bestdaisual acuity
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Figure 3: Distribution of PVD in all four quadrants.

The stage of the PVD was classified using the predefined PVD grading scheme (Figure 1). Out
of 114 myopic eyes, 10 eyes (8.77 %) had no PVD in any g@ddldeant, 31 eyes (27.19 %)

had PVD in one or more than one quadraahd 73 eyes (64.04 %) had PVD in all four
guadrants.The figure 3 shows the frequency distribution of PVD in all four quadrahts

inferior quadrant PVD was common and PVD in the nasal quadrant was leasbooRigure

4 & 5 show the quadrants wise changes in macular thickness in different degrees of myopia.
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Figure 4: A box-plot between para-macular thickness in four quadrants andedefjmyopia

LM: Low myopia, MM: Moderate myopia, HM: High myopia VHM: Very high myopia
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Figure 5: A box-plot ofdfi-macular thickness in all the four quadrants and degree of myopia
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Table 2: FAZ and Foveal dimensions for different degreespbpia
FAZ dimension Foveal characteristics
Myopia Area Perimeter  Circularity Thickness Volume Vessel
(mm?) (mm) (um) (mm?) Density
Low 0.26 2.02 0.79 245.0 9.80 9.50
(0.21-0.34)  (1.85-2.45) (0.71-0.81) (230.0-254.0) (9.60-10.30) (6.90-11.40)
Moderate 0.28 2.17 0.75 251.0 9.90 9.90
(0.20-0.34) (1.87-2.30) (0.73-0.78) (238.0-260.0) (9.80-10.00) (7.60-10.80)
High 0.29 2.20 0.76 249.0 9.90 8.85
(0.18-0.37) (1.78-2.47) (0.67-0.77) (235.0-258.0) (9.60-10.30) (7.00-10.80)
Severe 0.27 2.16 0.70 249.0 9.50 7.90
(0.21-0.31) (1.85-2.47) (0.61-0.74) (238.0-267.0) (9.10-9.80) (4.70-10.45)
Total 0.27 2.16 0.75 248.0 9.80 9.10
(0.20-0.34) (1.81-2.43) (0.69-0.79) (235.0-260.0) (9.60-10.10) (6.80-11.10)
p-Value 0.731* 0.774* 0.002** 0.131* 0.000* 0.195*
*ANOVA, **Kruskal Wallis

Table 2 shows an alteration in FAZ dimension and foveal characteristics in different degree of

myopia. Only the FAZ circulariyy=0.00) and foveal volume (p=<0.00) exhibited significantly

alteration as the degree of myopia increases

Table 3: A cross correlation table between PVD location and degyf myopia

Myopia
Low | Moderate | High | Severe| Average
Superior| 78.60| 83.30 |89.50| 83.30 | 83.68
Temporal| 50.00| 83.30 | 63.30| 62.50 | 64.78
Inferior | 82.10| 95.80 | 97.40| 87.50 | 90.70
Nasal| 64.30| 79.30 |81.30| 70.80 | 73.93
Average| 68.75| 85.43 | 82.88| 76.03

Values are in percentage (%)

Table 3 shows a cross correlation table between PVD location and degreeopfamye

found an asymmetry in the PVD location. The results suggest an increasing tie® as

the degree of myopia increases with a location asymmetry. In low rayth@ temporal

guadrant showed the least PVD (50.0 %) whereas high myopic eyes exhibited the most PVD in

the inferior quadrant (97.40 %). Figure 6 & 7 show the relationship between paranacual

peri-macular vessel density changes in various stages of PVD. In the paramacular area, the

10




181 inferior and nasal quadrants showed a significantly decreased vessel density (p=<0.05).

182 However, in the peri-macular area, the nasal quadrant alone showed significant iessef

183 density Table 4 shows the correlation between myopia (SE) verses macular thickness and
184 macular vessel density different ETDRS quadrants. A significant negative correlation was
185

found between myopia and foveal thickness. However, a weak positive correlatioseans

186 with inferior para-macular region and overall peri-macular thickness.
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Table 4: Correlation between degree of myopia and macular dimensio

dZ] Iv e¢ ~...u- Vessel density

r* p Value r* p Value
Foveal area -0.261 0.007 0.253 0.066
Average para-macular 0.097 0.330 0.519 <0.000
Superior para -macular 0.065 0.514 0.500 <0.000
Temporal para-maculal 0.094 0.344 0.448 <0.000
Inferior para-macular 0.276 0.004 0.493 <0.000
Nasal para-macular -0.051 0.608 0.524 <0.000
Average peri- macular 0.251 0.011 0.516 <0.000
Superior peri -macular 0.110 0.269 0.415 <0.000
Temporal peri -macular 0.356 0.000 0.442 <0.000
Inferior peri -macular 0.397 0.000 0.488 <0.000
Nasal peri-macular 0.054 0.588 0.527 <0.000
Overall 0.503 <0.000 0.503 <0.000

*Pearson's Correlation Coefficient

Discussion

The current study reports the onset of PVD was in the third decade tiulifi did not show

any difference in the degree of myopia. However, previous publication5}dreport the
onset of PVD in high myopia (worse than -8.00 D SE) was in thedduadle of life. This
difference could be due to the methodolagye report the changes in foveal morphology
and microvasculature in myopia and its correlation with various stages of PMbose with

no PVD, high myopia patients had increased foveal thickness and macularatulre \as
compared to low and moderate myopia. We also found that in those with no fPFAZ
area became smalleas the degree of myopia increase®revious studies have shown
conflicting results regarding foveal thickness and severity of myopia [26]. Satrale[7]
reported results similar to ours, namely higher foveal thickness in highpiay They also
reported a correlation with the axial length, namely, longer abeiagiths had higher foveal
thickness. Similarly, Xie et al. [27] showed that the minimum and average foveal thickness
were similar in emmetropia and low myopia groups but increasedgh myopia groups.
However, Lim et al. [28] showed that the average macular retinal thickness did not
significantly vary between various degrees of myopia. The possiblerrdasdiscrepancies

in the association of myopia severity and foveal thickness could be due fadhthat these

12
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studies did not take into account the influence of PVD. We found that there was etigdu

in macular volume with degree of myopia. This result is similar to that of glegaal. [29]

who found that macular volume was lower in very-high myopia. Thisdcbal due to
progressive thinning of the para- and peri- foveal thickness with increasing myia. et

al. [16] reported that the para- and peri-foveal thickness were negatively correlated with the
axial length and positively associated with the SE.

'}s' ] A-ebtal. [30] studied the foveal microvasculature and found that the FAZ area was
larger in myopic eyes than in the control group. However, studies by Lealy [@1] and
Ucaket al. [32] showed no difference in FAZ area in both high and lowiengges. The
custom developed automated algorithm [22] used in this study could detect ayiexiwith

an error of 1.99% compared t&dZ u vpu( §irnBuilEdlgorithm with 6.42% error
excluding orientation. This thresholding method dilates the irrelevant parthe image
without distorting the actual FAZ boundary and reduces the number of false positives. In this
study we found a smaller FAZ area in high myopia in subjects with dRatithed at the
macula.

Kumagai et al. [33] described the changes in OCT characteristics after an asymptomatic PVD
and showed a thinning of the central foveal thickness, deepening of the pit, and widahing
the foveal floor after PVD. The mechanism by which the PVD alters the foveal afpe
regional macular thickness is not understood. Possible mechanisms may itfduddease

of the tractional force on the fovea by the peri-foveal IPVD. An anterior centriftagaion

could causeathickening of the fovea, and the release of this traction would then presumably
reduce the foveal thickness. Likewise, mechanical forces might explain the smallehighZ in
myopia with IPVD attached at macula. These results come from a relatively small sample size
and hence should be considered as preliminary results. The clinical signifidathese
results, namely that there is an increasing trend of partial PVD has definite ¢hmptightions

and need to be further explored.
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Since the current study was retrospective, we had very few cases with axial length data. The
best way to classify myopia should be based on the corneal-axial ratio or at leagiaby
length. Sampson et al. [20] reported that the FAZ area is affected by its axiaificegdgm
during the image acquisition. This can be rectifigdcorrecting for image magnification
induced by the axial length variation [3#} cases of high myopia (SE -6.00L@G0D) or very

high myopia (SE >-10.00 D) of our sample, none of the casescbhatkal curvature >44.00D
Likewise, no eyes had cataractous changes and all the subjects had axial myopia. fitie seco
shortcoming was the low sample size of the various myopic sub-groups. Wadbapéher
expand on the datasets as well as pathological conditions in future research.

Gonclusions

In summary, we report characteristic retinal changesigh and very high myopic eyes
Anincreasing trend of partial PVD is seen in eyes classified as having high ardghery
myopia An asymmetric PVD in location was observed and the most commonly involved
guadrant was the inferior quadrant. A statistically significant alteration was observyedaal
volume and the FAZ circularity index. However, our data did not sowrelationship
between PVD and macular thickness and foveal microvascular parameters in higit myo

eyes.

List of abbreviations

PVD: Posterior vitreous detachment, SD-OCT: Spectral-domain optical coherence
tomography, SE: Spherical equivalent, CRT: Central macular thickness, FAZ: Foveal
microvascular zone dimensions, OCTA: Optical coherence tomography angiodgtephy
Optical coherence tomography, MT: macular thickness, BCVA: Best corrected visual acuity,
MCV: Macular cube volume, D: Diopter, LM: Low myopia, MM: ModeratgiayBElM: High

myopia, VHM: Very high myopia.
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