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Characteristics of posterior
precortical vitreous pockets
visualized by swept-source OCT
and en face OCT
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To determine the characteristics of posterior precortical vitreous pockets (PPVPs) and to observe
vitreous changes in myopic eyes by swept-source optical coherence tomography (SS-OCT) and en

face imaging in a cohort of the Chinese Han population. This was a cross-sectional study. Volunteers
(235 participants, 374 eyes) received an SS-OCT examination. The heights and widths of the PPVPs
were measured by SS-OCT. The area of the PPVPs was measured on en face images. The relationships
between PPVP size and sex, age, axial length (AL) and spherical equivalent (SE) were evaluated. The
mean width and height were 6711.64 +1241.87 pm and 662.47 + 326.39 pm, respectively. The area

of the PPVPs was 30.296 + 9.114 mm?. Boat-shaped, oval, and hook-shaped PPVPs were observed in
73.26%, 21.12%, and 5.62% of all eyes, respectively; 73.53% of all PPVPs had channels communicating
with Cloquet’s tubes. There was a significant difference in the PPVP width among the participates

over and under 50 years old (t = -2.508, P=0.031). Age had a positive correlation with the PPVP

width (r=0.53, P=0.001). The PPVP height showed significant differences among the different
myopia groups (F=3.618, P=0.013). SE had a negative correlation with the PPVP height (r=-0.176,
P=0.001). However, there were no correlations between the AL and the width, height or area of the
PPVPs (P=0.117; P=0.334; P=0.057, respectively). Age and myopia affect the size of PPVPs. SS-OCT
greatly facilitates visualization of the complex structure of the vitreous.

Keywords Myopia, Posterior precortical vitreous pockets, Posterior vitreous detachment, Optical coherence
tomography

The vitreous is a transparent gel-like structure with a volume of approximately 4 mL, 99% of which is water!.
Thus, it is difficult to observe the vitreous by in vitro examinations®.

In 1976, Worst® described the premacular bursa, which was observed by autopsy of a corpse’s eyes. In 1990,
Kishi et al.* discovered and described the posterior precortical vitreous pocket (PPVP), which is the same as the
premacular bursa. The PPVP is a fluid cavity located in front of the macula. In fundus surgery, this structure can
also be seen in eyes without posterior vitreous detachment (PVD)>®. The anterior and posterior boundaries of
PPVPs are the vitreous gel and posterior vitreous cortex, respectively’.

With the development of imaging technology, researchers have used different types of optical coherence
tomography (OCT) to observe PPVPs and have described their morphological characteristics and size®. Prior
investigations revealed a septum between the Martegiani zone at the base of the vitreous tube (Cloquet’s tube)
and the PPVP?. Furthermore, previous studies have suggested that PPVPs are related to vitreoretinal interface
diseases and that their changes may be relevant to the mechanisms underlying many vitreoretinal interface
pathologies®!*~18. Swept-source OCT (SS-OCT) provides a clearer and more three-dimensional view of
vitreoretinal structures, significantly increasing clarity in deep tissue imaging. SD-OCT uses a light source with
a wavelength of 840-870 nm and a frequency-domain spectrometer as its detector. It has an axial resolution of
5-7 micrometers and a scanning speed ranging from 16,000 to 55,000 A-scans per second. In contrast, SS-OCT
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employs a 1050 nm Fourier domain mode-locked laser, achieving a scanning speed of 236,000 A-scans per
second at a rate of 236 kHz, significantly increasing the scanning depth!%-!3. The application of SS-OCT in the
observation of PPVP may provide an understanding of this structure.

However, previous studies had limited sample sizes from Japanese or Chinese populations with limited
refractive levels or age>!*!°-21, Previous studies also lacked research on the relationship between the size of
PPVPs and axial length (AL). Therefore, a large-sample study with a wider range of refractive levels and age is
needed.

In this study, we performed SS-OCT on the eyes of 230 volunteers (374 eyes), observed the morphological
characteristics of PPVPs and analyzed their relationship with sex, age, spherical equivalent (SE) and AL. We
provided a detailed description of the morphological characteristics of PPVPs observed in healthy and myopic
populations using SS-OCT technology.

Participants and methods

Participants

This was a cross-sectional study. A total of 250 volunteers (374 eyes) underwent SS-OCT imaging at the First
Affiliated Hospital of Zhengzhou University from September 2021 to September 2022. All of the volunteers also
underwent optometry checks, AL measurements, slit-lamp and fundoscopy examinations. The inclusion criteria
were as follows: (1) age between 18 and 65 years. (2) PPVP could be observed by SS-OCT and the image quality
was higher than 8.0, and (3) the best corrected visual acuity (BCVA) was 0.0 (log MAR). The exclusion criteria
were as follows: (1) posterior vitreous detachment (PVD), vitreous-retinal disease, retinal detachment or tear,
pathologic myopia, diabetic retinopathy, uveitis or other ocular pathologies affecting the vitreous; (2) previous
vitrectomy or an ocular trauma history; or (3) inability to cooperate with an SS-OCT examination, e.g., because
of conditions such as poor fixation.

This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University [No.
2022-KY-0512-001]. Based on the Declaration of Helsinki, we collected demographic information and clinical
examination results after informed consent was obtained from the volunteers or their guardians. The clinical
examination results included BCVA, SE, AL, and SS-OCT images. All basic data were recorded individually by
two investigators. If the data provided by the two investigators differed, a third investigator would contact the
volunteers to confirm the accurate data.

SS-OCT examination method and measurement of PPVP

Skilled ophthalmologists performed SS-OCT (VG100 or 200, Intalight, China) scans on each participant.
Each participant underwent star line scanning, supplemented with multi-line scanning. Additionally, some
participants underwent Angio or Cube scanning with a scan line length of 12 to 16 mm and a scan square of
12 mm X 12 mm. The depth of the scanning was 3 to 6 mm. The scanning laser wavelength was 1050 mm, and
the scanning speed was 200,000 times/second. All the participants were seated, with their heads resting on a chin
rest. To determine the presence of PPVPs and the vitreous, the operator manually focused on the front of the
retina instead of autofocusing.

We adopted the “Enhance” function in the SS-OCT software to increase the brightness and contrast of the
pattern to display the PPVPs better. To unify the standard, convenient positioning, we used B-Scan images
of scan lines through the fovea and optic disc for subsequent analysis. To determine the size of PPVPs, the
transverse longest meridians of the PPVPs served as their width, and the vertical line from the macular fovea
to the vitreous gel interface served as the height of PPVPs (Fig. 1). Two junior ophthalmologists measured and
recorded the size independently by manual measurements using the “Measuring ruler” function of the SS-OCT.

The en face images were reconstructed by the “en face” function of SS-OCT on vitreous image, which was based
on 12 mmx12 mm Angio scanning. The areas of the PPVPs were measured by the two junior ophthalmologists
using the “Measuring area” function of the SS-OCT.

A third ophthalmologist used the averaging method to calculate the data (widths and heights, areas of
PPVPs). If there was a significant deviation between the two measurements, a senior ophthalmologist repeated
the measurement to adjudicate.

Other ophthalmic examinations and grouping

Experienced optometrists tested the BCVA and SE. AL was measured using an IOL-Master 500 (Carl Zeiss,
Germany). All participants underwent slit lamp and fundoscopy conducted by retina specialists to rule out
fundus lesions.

Because 50 years of age is the peak age for PVD. According to age, we divided the participants into two
groups: under 50 years old and 50 or above 50 years old.

The SE was calculated as a spherical mirror + 1/2 cylinder. According to the SE, we divided the eyes into four
groups: nonmyopic group (— 0.25 D <SE <+1.00 D) (Group A), low myopia group (— 3.00 D<SE < — 0.25D)
(Group B), moderate myopia group (— 6.00 D < SE < — 3.00 D) (Group C), and high myopia group (SE < — 6.00)
(Group D).

When discussing age, we acknowledged that including both eyes of the same subject could lead to non-
independence of data. Therefore, in our analysis of age and PPVP size, we selected one eye of binocular
participants to form a new sample using the random number method (encoding the right eye as 1 and the left
eye as 2, and then randomly selecting one of the eyes). This approach ensures scientific statistical analysis and
inter-group independence.
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Fig. 1. B-Scan images from the left eye of a 22 years female which SE was —3.50D (above) and the right eye of
a 26 yreas. female which SE was —4.25D (below). The measurement method of PPVPs, w: The width of PPVP;
H: The height of PPVP; P: Low signal cavity showed the PPVP, macular anterior ship-type liquid cavity; C:
low-signal tubular cavity showed the vitreous tube (Cloquet’s tube), from the posterior pole of the lens to the
remnant of the original vitreous tube in front of the optic disc; M: low signal cavity showed the Martegiani
area, Cloquet’s tube connecting the base of the optic disc; *: vitreous liquefaction cavity; White arrow head: A
slightly higher signal diaphragm can be observed in the PPVP and Martegiani area, which named a septum;
White hollow arrow: A channel connecting PPVP and Cloquet’s tube on the septum; White arrow: Posterior
vitreous detachment.

Statistical analysis

We used SPSS statistics 26.0 software (IBM Corp.; USA) for data analyses. The x* test was used to analyze the
categorical data, which are described using frequencies and percentages. The Kolmogorov-Smirnov test was
performed to verify whether all the data sets were distributed normally. Normally distributed data are herein
described as the mean and standard deviation, and ANOVA and t-test was used for comparisons. Pearson
correlation analysis was used for the correlation analysis. A P value of < 0.05 was considered to indicate statistical
significance.

Scientific Reports |

(2024) 14:23658 | https://doi.org/10.1038/s41598-024-74461-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Results

Demographics of participants

A total of 374 eyes of 230 participants were included in this study, including 83 males and 147 females. Eighty-
six participants included one eye, and 144 participants included both eyes after review of the SS-OCT image.
Their age was (25 +9.68) years, with a range of 8 to 63 years. The SE of all eyes was (— 3.44 +2.47) diopters (D)
with a range of —11.50 to 4 1.00 D. The mean AL of all eyes was (25.04 + 1.22) mm, with a range of 22.12 mm
to 28.46 mm.

We used a random number method to obtain a sample of 230 eyes from 230 participants. This sample
included 120 right eyes and 110 left eyes. Their SE was —2.52+0.93 D with a range of —11.50 to +1.00 D. The
mean AL of all eyes was (24.98 +1.21) mm with a range of 22.12 mm to 28.46 mm. There was no statistically
significant difference in the SE and AL of this sample compared to the total sample (P=0.229, P=0.502).

SS-OCT and enface findings of PPVPs
The width of the PPVPs was 3655.30 to11595.74 ym, and the mean width was 6711.64 +1241.87 um. The height
of the PPVPs was 64.8 to 2325.04 pum, and the mean height was 662.47 +326.39 yum.

Overall, the commonest PPVP shape in B scans through the fovea and the optic disc was the boat-shaped
(73.26%) anterior macula. However, we also observed oval (21.12%) and hook-shaped (5.62%) PPVPs. The
shapes of PPVPs are shown in Fig. 2. Among the 144 binocular participants, 118 (81.94%) had PPVPs of the
same shape in both eyes.

We observed all B-scans to determine if the PPVPs communicated with the Martegiani area, as shown in
Fig. 1 (white hollow arrow), where channels and septa existed. Of the 374 eyes, 275 (73.53%) eyes had this
channel. Among the 144 binocular participants, 134 (93.06%) had the same situation in both eyes. Twenty-one
of 43 (48.84%) junior participants, 153 of 162 (94.44%) young participants and 21 of 25 (84.00%) middle-aged
participants had this channel.

Sixty participants (107 eyes) underwent 12 mmx12 mm Angio scanning, and en face images were obtained.
There were dark round areas on en face images in 78 eyes (72.89%) of 41 participants (11 males and 30 females).
The areas of PPVPs ranged from 17.729 to 60.621 mm?, and the mean area was 30.296 +9.114 mm?2.The PPVP
area was related to the PPVP width (r=0.485, P<0.001) and correlated with the PPVP height (r=0.819,
P=0.026).

The relationship between sex, age and PPVP size
The age between males and females was not significantly different (¢t = -1.22, P=0.222). Meanwhile, the width
and height of the PPVPs were not significantly different in the different sexes (t=0.03, P=0.979; t=0.03,
P=0.979). (Supplement Table 1). In 41 eyes of 41 participants with en face images, the areas of the PPVPs were
35.53 +11.424 mm? and 29.127 +7.693 mm? in males and females, respectively. The PPVPs significantly differed
between the sexes (t=2.067, P=0.045).

We selected 39 nonmyopic eyes from 39 participants for analysis to rule out the effects of myopia. The SE and
AL showed no significant differences between participates over and under 50 years old (t = — 1.144, P=0.260;
t=407, P=0.686). The PPVP width showed significant differences among between participates over and under

Fig. 2. A boat-shaped PPVP (Al, A2), An oval PPVP (B1, B2), and hook-shaped PPVPs (C1, C2 and D1, D2).
Al and A2 were SS-OCT B-Scan and en face OCT images from the left eye of a young female which SE was
—0.75D. This PPVP was boat-shaped, sharp at both ends. The anterior edge was vitreous gel, slightly upturned
arc at both ends, posterior edge was posterior vitreous cortex. Bl and B2 were SS-OCT B-Scan and en face
OCT images from the left eye of another young female which SE was — 3.75D. The anterior edge of this PPVP
was flattened and rounded, and the curvature at both ends was rounded. C1, C2, D1 and D2 were SS-OCT
B-Scan and en face OCT images from two young females. This PPVP was narrow and long, the vitreous body
of the anterior edge is closer to the fovea, and the two ends were upturned and hooked. Yellow arrow heads
showed the vitreous above the fovea.
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50 years old (t = — 2.508, P=0.031). Correlation analysis showed a positive correlation between age and PPVP
width (r=0.53, P=0.001). The PPVP height showed no difference between participates over and under 50 years
old (t=—0.116, P=0.910). (Supplement Table 2). Correlation analysis showed no correlation between age and
PPVP height (r=0.19, P=0.246). All 58 participants with en face images were under 50 years old. There was
negative correlation between age and PPVP area (r = — 0.37, P=0.019).

The relationship between SE and PPVP size

We included 355 eyes of 217 participants under 50 years old for analysis to exclude the effect of age. The PPVP
width showed no statistically significant differences among Group A, Group B, Group C and D (F=1.463,
P=0.224) (Supplement Table 3). When we compared each group with all the remaining groups, there was no
statistically significant differences (Supplement Table 4). We performed between-group comparisons, there was
statistically significant differences between Group A and D (P=0.039) (Supplement Table 5). There was no
correlation between the SE and the width of PPVPs (r = -0.026, P=0.065).

For height, there was a significant difference among the groups (F=3.618, P=0.013) (Supplement Table 3).
When we compared each group with all the remaining groups, there were no statistically significant differences
between B with other groups and D with other groups (t = — 2.60, P=0.01; t=2.884, P=0.004) (Supplement
Table 4). Furthermore, the LSD-t test indicated that there were differences in group B, C and D (P=0.001;
P=0.020) (Supplement Table 5). There was correlation between the SE and the height of PPVPs (r = — 0.176,
P=0.001).

Among 190 eyes of the 58 participants with en face images, 9 eyes had high myopia, 53 eyes had moderate
myopia, 28 eyes had low myopia, and 19 eyes had no myopia. The areas were 33.779 +9.790 mm?, 32.165 +9.59
mm?, 30.64+8.19 mm?, and 33.71 +9.83 mm?. There were no significant differences among the four groups
(F=0.513, P=0.675).

The relationship between AL and PPVP size

According to a previous study, AL is related to SE. This sample also fit this rule (r = — 0.737, P < 0.001). Therefore,
we also investigated the correlation between the AL and the size of PPVPs. However, there was no correlation
between the AL and the width, height or area of the PPVPs (P=0.117; P=0.334; P=0.057).

Discussion

In this study, we evaluated 374 eyes to observe different shapes of PPVPs and described their characteristics.
We used more scientific statistical methods to group 374 eyes in detail, avoiding inter group bias. We observed
more diverse morphologies of PPVPs than previous studies did. However, the majority of PPVPs were boat-
shaped when the participants were seated, which was similar to the findings in previous studies>!®11:1320, A
total of 81.94% of binocular participants had the same PPVP morphology in both eyes, which was consistent
with previous studies!!?!. In addition, we observed oval PPVPs and hook-shaped PPVPs, suggesting that the
morphology of PPVPs was diverse. Our results showed that the vitreous is a complex structure that can be best
observed by a combination of SS-OCT and 3D images based on en face technology. Longer OCT B-Scan lines
(more than 12 mm) and larger OCT C-Scan squares (more than 12X 12 mm) could show full posterior poles of
the eyes. In contrast, 3D images are more intuitive, but there are problems such as a large data volume, which
requires more accurate and faster algorithms. SS-OCT, including ultrawide-field SS-OCT (UWF SS-OCT), en
face images and 3D images, is a better method to observe the structures of the posterior vitreous in normal and
pathologic eyes than other OCT”?2?3, en face SS-OCT provides a new perspective for observing PPVPs.

Itakura et al.!! observed that 93.1% of eyes in adults had a channel between the Martegiani area at the base of
Cloquet’s tube and the PPVP. However, Park et al.>! reported that the channel was not observed in 3 to 4-year-
old participants, while 50% of 11-year-old subjects exhibited the channel. A total of 44.48% of children between
8 and 18 and 93.04% of the adults in this study had channels. In total, 73.53% of the 374 eyes had channels. The
Cloquet tube is a remnant of the original vitreous body, which emanates from the Martegiani area and connects
to the posterior pole of the lens in the Berger area!?!®. It was speculated that the liquid in PPVPs may be aqueous
humor.

The mean PPVP width and height of 374 eyes in this study were 6711.64 + 1241.87 pm and 662.47 + 326.39 um,
respectively, which were smaller than those in previous studies. The sample in our study was younger, and the
average height was similar to that in previous studies'?%. Park et al.?! demonstrated that the PPVP width in
children is smaller than that in adults, and that this width is proportional to age; She et al. also obtained the
same result. We also observed the following phenomenon: the width of the PPVPs differed in the different the
participates over and under 50 years old (t = — 2.508, P=0.031), but the height of the PPVPs exhibited no
difference (t=0.116, P=0.910). The width of the PPVPs became larger with age (r=0.526, P=0.001).

There have been few studies on the relationship between PPVP size and SE. In this study, the PPVP height
decreased in the low myopia group (659.25 + 358.8) pum compared with the non-myopia group (659.25 +358.87)
um, and the PPVP height increased again as the diopter increased to moderate myopia (643.40+325.10) pm
and high myopia (821.88 +326.92) um, which was the same finding as that by Itakura et al.!®. However, this
result was contrary to the conclusion reached by She et al.>. We also performed correlation analyses of AL
and PPVP size and did not obtain positive results. We believe that with the decrease in SE, there may be more
morphological changes in the eyeball that are not only stretched along the optical axis?®. The changes might affect
the morphology of PPVPs. However, the role and change in PPVPs need to be further studied by combining
parameters such as eye morphology.

In conclusion, age and myopia affect the size of PPVPs. SS-OCT reveals the characteristics of PPVPs in
vivo. UWF SS-OCT based on en face technology can provide more details of PPVPs, which will enhance our
management of vitreoretinal disorders. This study provides essential data that can serve as a foundation for
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future research in disease states, contributing to a better understanding of PPVPs in both health and disease.
Future studies should consider including a wider range of vitreoretinal diseases to further elucidate the complex
relationships between vitreous morphology and retinal health.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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