
The Efficacy and Safety of YAG Laser Vitreolysis for Symptomatic
Vitreous Floaters of Complete PVD or Non-PVD

Lin, T., Li, T., Zhang, X., Hui, Y., Moutari, S., Pazo, E. E., Dai, G., & Shen, L. (2021). The Efficacy and Safety of
YAG Laser Vitreolysis for Symptomatic Vitreous Floaters of Complete PVD or Non-PVD. Ophthalmology and
therapy. https://doi.org/10.1007/s40123-021-00422-6

Published in:
Ophthalmology and therapy

Document Version:
Publisher's PDF, also known as Version of record

Queen's University Belfast - Research Portal:
Link to publication record in Queen's University Belfast Research Portal

Publisher rights
Copyright 2021  the authors.
This is an open access Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which
permits use, distribution and reproduction for non-commercial purposes, provided the author and source are cited.

General rights
Copyright for the publications made accessible via the Queen's University Belfast Research Portal is retained by the author(s) and / or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal requirements associated
with these rights.

Take down policy
The Research Portal is Queen's institutional repository that provides access to Queen's research output. Every effort has been made to
ensure that content in the Research Portal does not infringe any person's rights, or applicable UK laws. If you discover content in the
Research Portal that you believe breaches copyright or violates any law, please contact openaccess@qub.ac.uk.

Download date:23. May. 2023

https://doi.org/10.1007/s40123-021-00422-6
https://pure.qub.ac.uk/en/publications/ba381062-6966-4783-b000-42ae694a605d


ORIGINAL RESEARCH

The Efficacy and Safety of YAG Laser Vitreolysis
for Symptomatic Vitreous Floaters of Complete PVD
or Non-PVD

Tiezhu Lin . Tongtong Li . Xinmei Zhang . Yannian Hui .

Salissou Moutari . Emmanuel Eric Pazo . Guangzheng Dai .

Lijun Shen

Received: August 9, 2021 /Accepted: November 1, 2021
� The Author(s) 2021

ABSTRACT

Introduction: To evaluate and compare the
efficacy and safety of YAG laser vitreolysis in
treating symptomatic vitreous floaters of com-
plete posterior vitreous detachment (PVD) and
non-PVD.
Methods: In this prospective cohort study, 51
eyes with symptomatic floaters were treated
with YAG laser vitreolysis. Participants were
divided into complete PVD and non-PVD
groups. Objective visual quality measures
including the Strehl ratio (SR), internal

spherical aberration (SA), internal comatic
aberration (CA), internal high-order aberration
(HOA), area ratio of modulation transfer func-
tion (MTFa) and Vitreous Floaters Symptom
Questionnaire (VFSQ-13) scores were used to
compare the efficacy of YAG laser vitreolysis
treatment between two groups.
Results: The mean age of all patients was
56.80 ± 10.82 years old. In total, 36 of 51
(70.59%; 95% CI 58.10–83.10) patients reported
their symptoms as significant or complete
improvement after YAG laser vitreolysis treat-
ment. Post-treatment MTFa, internal SA and
internal HOA were significantly better com-
pared to baseline (26.19 ± 14.73 vs.
29.19 ± 17.98, p = 0.013; 0.05 ± 0.05 vs.
0.04 ± 0.04, p = 0.031 and 0.23 ± 0.22 vs.
0.16 ± 0.07, p = 0.044; respectively) in all eyes.
Twenty-nine of 51 (56.86%) eyes had floaters of
non-PVD type. Significant or complete subjec-
tive improvements in the PVD group and non-
PVD group were 72.73% and 68.97%
(p = 0.344), respectively.
Conclusions: Improved subjective and objec-
tive visual quality in participants with symp-
tomatic floaters following YAG laser vitreolysis
was found in both groups. The efficacy of YAG
laser vitreolysis was comparable in floaters of
complete PVD and non-PVD types.

Keywords: Floaters; Posterior vitreous
detachment; Vitreolysis; Weiss ring; YAG laser
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Key Summary Points

Why carry out this study?

Primary symptomatic floaters are common
in adults. Some patients feel that floaters
have a significant impact on the quality of
life and seek treatment.YAG laser vitreolysis
has good safety and cost performance, but
previous studieshavemostly focused on the
floaters of complete posterior vitreous
detachment (PVD) type. This study is the
first to compare the outcomes of floaters of
complete PVD type to non-PVD type in
patients undergoing YAG laser vitreolysis.

What was learned from the study?

Our results demonstrate that the efficacy of
YAG laser vitreolysis is comparable in
floaters of complete PVD type andnon-PVD
type. Scanning laser ophthalmoscope is an
effective device for examining vitreous
floaters, but its sensitivity is lower in the
non-PVD type than in the complete PVD
type. The values of objective visual quality
measures such as area ratio of modulation
transfer function (MTFa), internal spherical
aberration (SA) and internal high-order
aberration (HOA) in eyeswith symptomatic
floaters could be improved after YAG laser
vitreolysis therapy.

INTRODUCTION

Primary symptomatic floaters are a common
ocular condition in adults. Even in a younger
population, the prevalence of floaters was
reported to be close to 76% [1]. Primary vitreous
floaters are due to localized build-ups caused by
the molecular derangement of vitreous collagen
fibrils during the degenerative process [2]. These
artifacts within the eye can lead to visual symp-
toms such as cobwebs, spots, shadows and other
assorted shapes that appear to drift across the
visual field with the movement of the eyes [3, 4].

Most patients with floaters get used to this
condition and possibly neuroadapt to it. Visual
symptoms due to floaters can also diminish
when the vitreous opacities move anteriorly
and out of the visual axis [5, 6]. However, a
small group of patients feel that floaters have a
significant impact on the quality of life and seek
treatment [7–9]. Pars plana vitrectomy
[5, 10–12] or YAG (yttrium–aluminum garnet)
laser vitreolysis [13] are primary treatment
options in published literature, and these
treatment methods have their own advantages
and disadvantages. While vitrectomy has been
documented in reducing the symptoms of
floaters and is considered to be an effective
option, it may lead to more side effects com-
pared to laser therapy [14, 15]. In 17,615 eyes
undergoing vitrectomy for vitreous opacities in
the Intelligent Research in Sight Registry, 12.4%
eyes returned to the operating room for cataract
surgery, and 3.7% eyes returned to the operat-
ing room for a non-cataract procedure within
1 year [16]. Laser treatment has good safety and
cost performance, but previous studies have
mostly focused on the floaters of complete PVD
type [17–19], and various publications have
questioned its effectiveness [20].

The present study was undertaken to evalu-
ate and compare the subjective and objective
efficacy of YAG laser vitreolysis for two types of
primary symptomatic floaters (complete PVD
type and non-PVD type) by comparing changes
in questionnaire scores and objective visual
quality measures before and after treatment.

METHODS

Participants

This single-center prospective study included 51
eyes of 51 patients (37 women and 14 men) at
He Eye Specialist Hospital from February 1,
2020, to July 30, 2020. All patients were expe-
riencing symptomatic floaters and had a strong
desire for remedial treatment. This study was
performed under institutional review board
approval and conformed to the tenets of Dec-
laration of Helsinki (YJ [2020] K001.01). All
participants were informed of their rights and
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provided written informed consent before
undergoing study procedures. Slit-lamp exami-
nation, Snellen best corrected visual acuity
(BCVA), intraocular pressure (IOP), spherical
equivalent (SE), vitreous and fundus examina-
tion through dilated pupil, ultrasound B scan
and scanning laser ophthalmoscope (SLO,
Optos� 200Tx, Optos�, Dunfermline, UK) were

performed on the patients (Fig. 1). The objective
visual quality measures were assessed by corneal
tomography and wave front aberration mea-
surement systems (OPD-Scan III, Nidek Inc.,
Tokyo, Japan). The main measures of objective
visual quality were as follows: the Strehl ratio
(SR), internal spherical aberration (SA), internal
comatic aberration (CA), internal high order

Fig. 1 Vitreous Floaters Symptom Questionnaire-13 items

Ophthalmol Ther



aberration (HOA) and area ratio of modulation
transfer function (MTFa). All values were
obtained at the 4-mm zone of pupil. Patients
underwent meticulous fundus examination to
find evidence of floaters (e.g., Weiss ring, col-
lagen aggregates) or any indication of periph-
eral retinal breaks/lattice degeneration. The eye
with more severe symptoms was selected if
floaters were seen in both eyes. Participants
with floaters were divided into two groups:
complete PVD and non PVD [21, 22]. A PVD was
considered complete by biomicroscopy under
mydriasis if a Weiss ring was visualized or by
B-scan ultrasound imaging if the posterior
hyaloid was detached at the optic nerve head
[23]. The patients with other floaters were
included in the non-PVD group.

Inclusion and Exclusion Criteria

Inclusion criteria were: primary symptomatic
floaters found on pupil-dilated vitreous and
fundus examination; at least 3 months’ dura-
tion of floater symptoms [24]; floaters located at
least 3 mm and 5 mm from the retina and pos-
terior lens capsule of the crystalline lens,
respectively [17], as assessed using an B-scan
ultrasound or reference to lens thickness on
oblique illumination by slit lamp in order to
improve safety; ability to undertake YAG laser
procedure; acceptance of related risks. Patients
with evidence of peripheral retinal breaks/lat-
tice degeneration or with a history of glaucoma,
severe cataract, vitreous hemorrhage, retinal
holes and/or macular disease were excluded
from the study.

Vitreous Floaters Symptoms Questionnaire

We designed the Vitreous Floaters Symptoms
Questionnaire (VFSQ-13) to assess symptoms
related to vitreous floaters based on six parts of
visual quality (distance activities, near activities,
driving, social functioning, peripheral vision
and mental health) to determine whether the
floaters were bothersome. The questionnaire
included 13 items to measure patients’ subjec-
tive responses, highlighting the impact on
visual disability and visual symptoms on daily

function of the individual (Fig. 1). Questions 1
to 4 represent the influence of floaters on dis-
tance activities, questions 5 to 7 represent the
influence of floaters on the near activities,
question 8 represents the influence of floaters
on driving, question 9 represents the influence
of floaters on peripheral vision, question 10
represents the influence of floaters on social
functioning, and questions 11 to 13 represent
the influence of floaters on mental health. The
composite score and scores in each evaluating
part were calculated. Rasch analysis was used to
investigate the validity of VFSQ-13 by compar-
ing its psychometric properties against those of
the validated National Eye Institute 25-Item
Visual Function Questionnaire (NEI VFQ-25)
[25]. The VFSQ-13 was administered at initial
visit and at 6 months after treatment. During
the face-to-face interviews, the research assis-
tant helped to explain the questions if patients
were unable to comprehend the questionnaire.
Additionally, the patients were asked to quan-
tify the improvement in vitreous floaters after
YAG laser vitreolysis based on a five-level qual-
itative scale described by Delaney et al. [26]. The
equivalent percentage of improvement was
used: (1) worse:\ 0%; (2) the same: 0–30%; (3)
partial success: 30% to 50%; (4) significant
success:[50%; (5) complete success: 100%.

Treatment Procedure

All the treatment procedures were performed by
one experienced retinal specialist (T.Z.L.). The
forms of floaters on examination were checked
in accordance with the patients’ complaint
preoperatively. Following the measurement of
IOP, the pupils were dilated with 0.5% tropi-
camide and 0.5% phenylephrine. One drop of
0.4% benoxinate hydrochloride (Santen Phar-
maceutical Co., Ltd., Japan) was also adminis-
tered, and a Volk Singh Mid vitreous lens was
placed on the eye with gel (Dikeluo� Ofloxacin
Eye Ointment, Shenyang Sinqi Pharmaceutical
Co., Ltd., China). YAG laser vitreolysis was
performed using the Ultra Q Reflex laser (Ellex
Medical Lasers Ltd., Adelaide, Australia) with a
maximum energy per pulse of 9 mJ. Initially,
the energy was set at 5 mJ and gradually
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increased to an appropriate level when the cre-
ation of gas bubbles could be observed. The
number of laser shots used per eye was calcu-
lated. IOP was measured again at 30 min after
treatment. The complications of treatment
procedure were recorded too. During the
6-month follow-up period, all patients received
YAG laser vitreolysis only once. After 6 months,
rescue therapy with repeated YAG laser vitreol-
ysis was possible, but the results were excluded
from statistical analysis.

Post-treatment data were collected at 1
month, 3 months and 6 months. BCVA, IOP
and pupil-dilated fundus examinations were
examined at every follow-up time. The ques-
tionnaire survey, objective visual quality mea-
sures and SLO imaging (Fig. 2) were done again
at 6-month follow-up. The area of floaters was
manually delineated by an experienced retinal
specialist (T.T.L.) on SLO photographs and
automatically calculated by Optos’ own soft-
ware at baseline and month 6. The areas of
floaters were added together if multiple floaters
existed. The area of floaters was also graded
using a five-level qualitative scale [17, 26].

Statistical Analysis

Continuous variables were displayed as mean
and standard deviation (SD), and categorical
variables were displayed as percentage. Contin-
uous variables were compared using the t test,
whereas chi-square test or Fisher exact test was
used for the comparison of categorical variables
between the groups. A paired t-test or McNemar
nonparametric test was used to compare pre-
and postoperative parameters. Rasch analysis
was used to investigate the validity of VFSQ-13
scores for subjective floaters. Mean-square
statistic values between 0.70 and 1.30 were
classified as productive for the measurement.
An estimation of the effective rate was described
as 95% confidence interval (CI). Depending on
one-tailed paired t-test, alpha level was set at
0.05; the power of the statistic was set at 95%
for this study. All statistical analyses were per-
formed with SPSS, software version 27.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS

The mean age of all participants was
56.80 ± 10.82 (range 24–76) years old, with a
distinct female predominance (72.55%).
Twenty-nine out of 51 (56.86%) eyes with
floaters were non-PVD type, and the rest were
PVD type. The mean laser shots were
221.22 ± 117.15, and the mean energy of laser
was 7.09 ± 1.25 mJ per pulse. Though fewer
laser shots were used in the non-PVD group
compared to the PVD group, there was no sta-
tistically significant difference between the two
groups (202.06 ± 128.69 vs. 246.47 ± 98.07,
p = 0.094) (Table 1).

In total, 36 of 51 (70.59%; 95% CI
58.10–83.10) patients reported their symptoms
as significant or complete improvement
(50–100%) after treatment, 72.73% and 68.97%
(p = 0.344) in the PVD group and non-PVD
group, respectively (Fig. 3). Seventeen of 29
(58.62%) eyes with non-PVD floaters and 18 of
22 (81.82%) eyes of PVD type could be noticed
on SLO images (p = 0.020). Except for the eyes
with invisible floaters on SLO images, the sig-
nificant or complete resolution of floater mea-
surement in the PVD group and non-PVD group
were both 100%.

After YAG laser vitreolysis, the mean MTFa,
internal SA and internal HOA improved signif-
icantly in all eyes (26.19 ± 14.73 vs.
29.19 ± 17.98, p = 0.013; 0.05 ± 0.05 vs.
0.04 ± 0.04, p = 0.031 and 0.23 ± 0.22 vs.
0.16 ± 0.07, p = 0.044; respectively) (Table 2;
Fig. 4). There was no significant difference in
the comparison of the change in the objective
visual quality measures after YAG laser vitreol-
ysis between the PVD group and the non-PVD
group (all p[0.05) (Table 3).

The mean-square fit statistics (Infits MNSQ
and Outfit MNSQ) of the VFSQ-13 in the Rasch
analysis are presented in Table 4. The items
‘‘Near activities’’, ‘‘Peripheral activities’’ and
‘‘Driving’’ had at least one fit statistic out of the
range of 0.70–1.30 logit, which indicated that
these items were misfitted for the VFQ-25 for
the cohort under investigation in this study.
The principal component analyses of the stan-
dardized residuals from the Rasch analyses of
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VFSQ-13 gave an eigenvalue of the first princi-
pal component of 1.62, whereas for the VFQ-25,
the eigenvalue of the first principal component
had a value of 1.88. Since both eigenvalues were
[ 1, this indicated the unidimensionality fea-
ture of both questionnaires. Furthermore, the
distribution of the Rasch residuals for VFSQ-13
and VFQ-25 had identical patterns, although
the distribution for VFSQ-13 was slightly tighter
around 0 (range - 1.5 to 1.5) compared to that
of VFQ-25 (range - 2 to 1.5) (see Figure S1 in
the electronic supplementary material for
details). However, the analysis of the item’s
characteristic curves of VFSQ-13 and VFQ-25
suggested the following: using VFSQ-13, only

three (respectively, four) ranges of the rating
scales were enough to capture the underlaying
latent trait for the items ‘‘Driving,’’ ‘‘Social
functioning,’’ ‘‘Near activities’’ and ‘‘Peripheral
vision’’ (respectively, ‘‘Mental health’’ and
‘‘Distance activities’’), whereas using VFQ-25,
only three (respectively, four) ranges of the
rating scales were enough to capture the
underlaying latent trait for the items ‘‘Social
functioning’’ and ‘‘Peripheral vision’’ (respec-
tively, ‘‘Driving,’’ ‘‘Mental health,’’ ‘‘Near activ-
ities’’ and ‘‘Distance activities’’). Overall, the
item characteristic curves of the VFSQ-13 pro-
vided a clearer separation of the ranges of the
rating scales, which were enough to capture the
underlaying latent trait. These analyses high-
lighted that the psychometric properties of the
VFQ-25 were not superior to those of the VFSQ-
13, at least in the clinical population considered
in this study. However, the VFSQ-13 was sig-
nificantly shorter than VFQ-25, which was more
convenient for patient assessment and follow-
up.

In the analysis of VFSQ-13, the composite
score, distance activities, near activities, social
functioning, peripheral vision and mental
health had all improved significantly after YAG
laser vitreolysis but not driving (p = 0.162)
(Fig. 5). In the comparison of the change of
VFSQ-13 scores after YAG laser vitreolysis
between the PVD group and the non-PVD
group, no significant difference was found (all
p[0.05) (Table 3).

bFig. 2 SLO images of vitreous opacities (black arrows)
before and after YAG laser vitreolysis. A visible Weiss ring
in front of the ON (complete PVD type) was noted in the
right eye of a 60-year-old female (A); the Weiss ring
vanished following YAG laser vitreolysis (7 mJ/pulse, 621
shots) (B). A lamellar vitreous opacity superior to the ON
(non-PVD type) in the left eye of a 42-year-old female (C);
the vitreous opacity resolved after YAG laser vitreolysis
(6 mJ/pulse, 210 shots) (D). A punctual vitreous opacity
noted inferior to the (complete PVD type) in the right eye
of a 58-year-old female (E); the vitreous opacity resolved
following YAG laser vitreolysis (6 mJ/pulse, 322 shots)
(F). A cotton-like vitreous opacity noted nasal-superior to
the ON (non-PVD type) in the left eye of a 39-year-old
male (G); the vitreous opacity resolved following YAG
laser vitreolysis (9 mJ/pulse, 450 shots) (H). ON optic
nerve

Table 1 Demographic characteristics and surgical parameters of patients in two groups

Variables Non-Weiss (n = 29) Weiss (n = 22) p value

Age, years 55.55 ± 13.24 62.00 ± 6.34 0.174

Female, n (%) 21 (72.41) 16(72.73) 0.194

LogMAR BCVA 0.10 ± 0.13 0.20 ± 0.19 0.215

IOP (mmHg) 17.31 ± 2.39 17.82 ± 2.79 0.244

SE - 1.14 ± 2.90 - 2.63 ± 5.25 0.115

Power of YAG laser 7.05 ± 1.25 7.14 ± 1.28 0.407

Number of shots 202.06 ± 128.69 246.47 ± 98.07 0.094

BCVA best corrected visual acuity, IOP intraocular pressure, SE spherical equivalent, YAG yttrium aluminum garnet
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Previous studies have reported focal cataract,
elevation of IOP, retinal hemorrhage or retinal
detachment after YAG laser vitreolysis [27].
However, in this study, none of the patients
experienced complications associated with YAG
laser vitreolysis. Three patients (5.9%) presented
postoperative visual quality that was worse
according to the questionnaire scores and
complained of more tiny asteroid floaters or
floaters remnants.

There were five eyes with high myopia (all
SE B - 10.00D), four eyes in the PVD group and

one eye in the non-PVD group. Three patients
were satisfied with the treatment (50–100%
improvement). Two patients in the PVD group
complained of no change in floaters after
treatment.

DISCUSSION

In 1993, Tsai et al. [28] first reported the appli-
cation of YAG laser (5–10 mJ) for treating
symptomatic floaters and obtained satisfactory

Fig. 3 Subjective efficiency of a five-level qualitative scale after YAG laser vitreolysis

Table 2 Objective visual quality measures before and after treatment in all eyes

Variables Pre-operation Post-operation p value

SR 0.03 ± 0.02 0.04 ± 0.05 0.090

Internal SA 0.05 ± 0.05 0.04 ± 0.04 0.031

Internal CA 0.08 ± 0.08 0.05 ± 0.03 0.071

Internal HOA 0.23 ± 0.22 0.16 ± 0.07 0.044

MTF area ratio (%) 26.19 ± 14.73 29.19 ± 17.98 0.013

SRs Strehl ratio, SA spherical aberration, CA comatic aberration, HOA high-order aberration, MTF modulation transfer
function

Ophthalmol Ther



treatment results during 1-year follow-up.
However, Delany et al. [26] found that 35.8%
patients with symptomatic floaters had moder-
ate resolution, and only 2.5% patients felt sig-
nificant improvement after YAG laser
treatment. However, the maximum laser energy
used by Delany et al. was just 1.2 mJ and may
not have been adequate to vaporize the floaters;
therefore, the low energy of the laser might
have been the reason for less satisfactory out-
come [13]. In the present study, we used laser
energy ranging from 5 to 9 mJ, which is safe and
potent enough to vaporize floaters. Overall,
70.59% patients reported their floater symp-
toms significantly or completely improved, and
in the PVD type group of patients that
improvement was in 72.73%. The findings of
the current study are in accordance with the
recent studies reported by Shah et al. [17] and
Ludwig et al. [18]. In their randomized clinical
trials, 53% and 77% patients with symptomatic
PVD felt significant and complete resolution
after YAG laser vitreolysis with the energy from
3 to 7 mJ and 4 to 7.2 mJ, respectively.

Primary symptomatic floaters are usually
classified as PVD and non-PVD types, and the
Weiss ring is the sign of complete PVD in clinic
[24]. Age and myopia are the two main causes of
floaters. While symptomatic floaters with a
Weiss ring are the main type in the elderly,
most floaters without a Weiss ring happen in
young people and usually are associated with
myopia. Five patients with high myopia were
included in this study, and four eyes had a clear
Weiss ring. We did a careful fundus examina-
tion to check peripheral unstable degeneration
such as lattice degeneration vitreous retinal
traction before the YAG laser vitreolysis. On
further analysis, three of them were satisfied
with the treatment with no complications such
as elevation of IOP or retinal detachment dur-
ing the follow-up period. In this study, the
spherical equivalent was not significantly dif-
ferent between two groups (- 2.85 ± 6.10 vs.
- 0.58 ± 3.25, p = 0.608), and the age was also
comparable (58.67 ± 6.23 vs. 55.79 ± 12.62,
p = 0.782), so we could consider that age might
play important roles in the formation of floaters
in two types of floaters. Symptomatic floaters of

Fig. 4 Objective visual quality measures in the right eye of a 55-year-old female with non-PVD floaters before (top) and
after (bottom) YAG laser vitreolysis. SA spherical aberration, CA comatic aberration, HO high-order aberration
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the PVD type were usually selected for YAG laser
treatment in the previous studies [17, 18, 26].
We used YAG laser vitreolysis treatment for
both types of floaters in this study. We did not
find any significant difference in efficacy
between the two types of floaters on subjective
and objective assessment.

OPD-Scan III can provide objective metrics
to describe MTFa, SR, inter SA, inter CA and
inter HOA. The MTFa value represents the area
beneath the MTF metric, indicating its potential
utility as a preclinical metric [28, 29]. The
greater the MTFa value, the better the eye’s
optical quality is. The SR value corresponds to
the maximum point-spread function central
luminance compared to that in an ideal ocular
system free of aberrations. The values range
from 0 to 1, where 1 indicates a perfect optical
system [30]. In this study, the MTFa, internal
SR, internal SA and internal HOA demonstrated
statistically significant improvements after YAG
laser vitreolysis. These results indicate objective
visual quality measures can be used to assess the

efficacy of YAG laser vitreolysis in patients with
decreased visual quality due to floaters.

Color fundus photos [17, 19] or quantitative
ultrasonography [32] for objective assessment of
floaters was used in previous studies. We used
SLO imaging to objectively assess floaters. The
sensitivity was 81.82% on the PVD type and
58.62% on the non-PVD type. Song et al. [33]
used SLO and optical coherence tomography to
assess vitreous floaters in 196 eyes. Peripapillary
vitreous opacity (PVO) was noticed in 122 eyes
(62.2%). They speculated PVO was found in SLO
images usually after PVD initiation, and the
Weiss ring is the advanced stage PVD. Fibrillar
aggregation is a common cause in non-PVD
floaters, which can cause sufficient interference
with photon transmission to induce chronic
and progressive floaters [34, 35]. These floaters
are typically in the form of strands or small
spots [34, 35]. Sometimes it is hard for SLO to
project the shadows of these floaters on the
imaging since SLO imaging is an auxiliary tool
for evaluating floaters. Additionally, many fac-
tors were correlated with the projecting

Table 3 Change of VFSQ-13 scores and objective visual quality measures after YAG laser vitreolysis in two groups

VFSQ-13 Non-PVD (n = 29) PVD (n = 22) p value

Distance activities 10.80 ± 12.53 9.38 ± 14.97 0.370

Near activities 10.23 ± 16.65 3.33 ± 10.61 0.061

Driving 2.27 ± 7.36 1.25 ± 15.12 0.389

Peripheral vision 9.09 ± 19.74 5.00 ± 10.26 0.206

Social functioning 3.41 ± 8.78 7.50 ± 14.28 0.133

Mental health 8.71 ± 15.53 7.08 ± 13.32 0.359

Composite score 7.42 ± 9.65 5.59 ± 9.16 0.267

Objective visual quality

SR 0.01 ± 0.40 0.01 ± 0.02 0.226

Internal SA - 0.01 ± 0.02 - 0.02 ± 0.04 0.242

Internal CA - 0.01 ± 0.03 - 0.03 ± 0.11 0.247

Internal HOA - 0.04 ± 0.12 - 0.10 ± 0.27 0.222

MTF (area ratio, %) 4.12 ± 8.52 2.02 ± 4.91 0.212

YAG yttrium aluminum garnet, PVD posterior vitreous detachment, VFSQ vitreous floaters survey questionnaire, SRs Strehl
ratio, SA spherical aberration, CA comatic aberration, HOA high-order aberration, MTF modulation transfer function
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shadows of floaters, such as the floater’s size,
density and the distance between the floaters
and the retina [36].

Some studies reported that symptomatic
floaters could affect reading, driving and mood
in daily life [10, 12]. Contrast sensitivity was
decreased in patients with symptomatic floaters

[27, 37, 38]. Symptomatic floaters have also
been reported to be associated with depression,
anxiety and perceived stress [39]. In the analysis
of VFSQ-13 in this study, the composite score,
distance activities, near activities, social func-
tioning, peripheral vision and mental health
became significantly better after YAG laser vit-
reolysis, but there was not significant improve-
ment in driving after treatment. These
outcomes were in accordance with the NEI-
VFQ-25 scores in a randomized clinical trial
[17]. Previous studies have also demonstrated
that vitrectomy has a good effect on reducing
the symptoms mentioned above
[10, 12, 31, 37, 38]. YAG laser vitreolysis also
showed promising outcomes in this study.

Whether YAG laser vitreolysis is ready for
primary symptomatic floaters is still under
debate [4, 13, 24, 32, 40]. Nguyen et al. [32]
reported that YAG-treated eyes had 23% less
vitreous echodensity and found no changes in
BCVA, CSF and NEI-VFQ-39 questionnaire
scores compared with untreated control eyes
with vitreous floaters. However, there was no
documentation concerning the laser type,
parameters and number of sessions. Though the
history of YAG laser vitreolysis for floaters is
nearly 30 years, there are still limited studies
reporting the efficacy of this treatment. Light-
ing, energy delivery and active cooling cavity
technology have all advanced significantly in
recent years. That might allow us to perform
laser vitreolysis treatment with better safety and
efficacy. Some might question the YAG laser

Table 4 Infits and outfits MNSQ statistics of the VFSQ-
13 and VFQ-25 questionnaires

Items Infits MNSQ Outfits MNQS

VFSQ-13

Distance activities 1.01 1.01

Near activities 0.85 0.81

Driving 0.82 1.15

Peripheral vision 0.77 0.99

Social functioning 1.04 1.3

Mental health 1.23 1.21

VFQ-25

Distance activities 0.81 0.77

Near activities 0.65 0.71

Driving 1.67 2.06

Peripheral vision 0.79 0.6

Social functioning 0.74 1.16

Mental health 0.96 0.92

Fig. 5 VFSQ-13 scores before and after YAG laser vitreolysis in all eyes. VFSQ Vitreous Floaters Symptoms Questionnaire
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vitreolysis for non-PVD floaters. The multiple
dot-like or cloudy diffuse condensations within
the vitreous structure are more difficult to
approach by laser [21]. Previous studies have
revealed that the floaters closer to the retina
make the symptoms more severe [36], so we
mainly vaporized the more posterior floaters
that could cause obvious symptoms in this
study. Additionally, besides vaporizing the vit-
reous opacity or cutting the opacity into small
pieces, the YAG laser vitreolysis can also be used
to move floaters peripherally and/or anteriorly,
resulting in decreased symptoms of floaters. The
reasons mentioned above might be a plausible
explanation for the good results of YAG laser
vitreolysis in non-PVD floater participants in
this study. Meanwhile, we did not find any
significant changes in VFSQ-13 scores and the
objective visual quality measures after YAG laser
vitreolysis between the two groups in this study.

The complications of YAG laser vitreolysis
for floaters, including focal cataract, elevation
of IOP, retinal hemorrhage or retinal detach-
ment, have been reported before [27]. We did
not find any complication in the current study,
but longer follow-up time is still needed to
evaluate the safety of YAG laser vitreolysis in
the future. Accurate assessment of floaters’
position relative to the lens and retina is very
important, Shah et al. [17] and Ludwig et al. [18]
also did not report any complications associated
with YAG laser vitreolysis on symptomatic
floaters in their studies. In this study, few
patients felt their subjective visual quality was
worse and complained of tiny asteroid floaters
created.

There are several limitations in the current
study, including its small sample size, open
design and short follow-up period as well as
being a single center study and having no con-
trol group. We did not evaluate PVD progres-
sion on OCT either. We could not analyze the
risk factors correlated with the poor outcomes
of laser vitreolysis because of the small sample.
However, to the best of our knowledge, this is
the first study to analyze and compare the effi-
cacy of YAG laser vitreolysis on floaters in
complete PVD type and non-PVD type; addi-
tionally, this study used objective visual quality

measures to evaluate the efficacy of YAG laser
vitreolysis for symptomatic floaters.

CONCLUSION

In conclusion, the current study suggests that
YAG laser vitreolysis for primary symptomatic
floaters has the ability to improve subjective
and objective short-term visual outcome. YAG
laser vitreolysis might be a promising option for
primary symptomatic floaters. The efficacy of
YAG laser vitreolysis is comparable in floaters of
the complete PVD and the non-PVD type.
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