@'PLOS | ONE

®

CrossMark

click for updates

@ OPEN ACCESS

Citation: Ao M, Li X, Huang C, Hou Z, Qiu W, et al.
(2014) Significant Improvement in Dynamic Visual
Acuity after Cataract Surgery: A Promising Potential
Parameter for Functional Vision. PLoS ONE 9(12):
€115812. doi:10.1371/journal.pone.0115812

Editor: Chen-Wei Pan, Medical College of
Soochow University, China

Received: August 18, 2014
Accepted: December 2, 2014
Published: December 26, 2014

Copyright: © 2014 Ao et al. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and repro-
duction in any medium, provided the original author
and source are credited.

Data Availability: The authors confirm that all data
underlying the findings are fully available without
restriction. All relevant data are within the paper
and its Supporting Information files.

Funding: The research has been supported by
Academic Award for Excellent Doctorial
Candidates of the Ministry of Education of China.
The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

PLOS ONE | DOI:10.1371/journal.pone.0115812 December 26, 2014

RESEARCH ARTICLE

Significant Improvement in Dynamic
Visual Acuity after Cataract Surgery: A
Promising Potential Parameter for
Functional Vision

Mingxin Ao"2, Xuemin Li"2, Chen Huang?, Zhigiang Hou'?, Weigiang Qiu'?, Wei
Wang'2*

1. Department of Ophthalmology, Peking University Third Hospital, Beijing, China, 2. Key Laboratory of Vision
Loss and Restoration, Ministry of Education, Beijing, China, 3. Medical Research Center, Peking University
Third Hospital, Beijing, China

*puh3_ww@bjmu.edu.cn

Abstract

Purpose: Dynamic visual acuity (DVA) is a relatively independent parameter for
evaluating the ability to distinguish details of a moving target. The present study has
been designed to discuss the extent to which age-related cataract impacts DVA in
elderly individuals and to determine whether it could be restored after bilateral
phacoemulsification combined with intraocular lens implantation surgery.
Methods: Twenty-six elderly cataract patients scheduled for binocular cataract
surgery and 30 elderly volunteers without cataract were enrolled in the study. DVA
at 15, 30, 60 and 90 degree per second (dps) was assessed, and velocity-
dependent visual acuity decreases between consecutive speed levels were
calculated.

Results: Compared with the control group, the patient group exhibited significantly
worse DVA performance at all speed levels (p<<0.001), and the decreases in
velocity-dependent visual acuity were more serious in the patient group at the
intervals of 0—15 dps (p<<0.001), 15-30 dps (p=0.007) and 30-60 dps (p=0.008).
Postoperatively, DVA performance at every speed level in the patient group clearly
improved (p<0.001) and recovered to levels compatible to the control group. The
decrease in visual acuity with increasing speed was less pronounced than during
the preoperative phase (po-15 4ps=0.001, P15-30 dps<<0.001 and p3p_so gps=0.001)
and became similar to that of the control group. The postoperative visual benefit
regarding DVA was more pronounced than the improvement in static visual acuity
(P15 dps=0.001 and p<<0.001 at 30 dps, 60 dps and 90 dps).

Conclusions: The impact of age-related cataract on DVA was more severe than its
effects on static visual acuity. After cataract surgery, not only static vision of the
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patients was restored markedly, but also the dynamic vision. DVA could be an
important adjunct to the current evaluation system of functional vision, thereby
meriting additional attention in clinical assessment.

Introduction

Dynamic visual acuity (DVA) refers to the ability to resolve a target visually when
there is relative motion between the target and the observer [1,2]. Based on
current research, the observer must rely on saccades and smooth pursuits to
maintain foveal fixation on the image [1], and the DVA signal is then transmitted
by the magnocellular (M) pathway [3,4]. Relying on these mechanisms, DVA is a
relatively independent visual parameter and is different from static visual acuity
(SVA) [5] or contrast sensitivity [6], the stimuli of which are captured by high-
frequency tremors of the eye [1] and are then transmitted by the parvocellular (P)
pathway [7, 8]. Therefore, DVA was identified as a visual measurement meriting
additional attention, in a study on vision science by the Committee on Vision [9].
Currently, DVA is mainly applied to investigate visual function related to elite
sports performance [10—12] and driving safety [13—15]. In clinical medicine, DVA
has not been widely used.

Owing to its significance in visual hierarchy, dynamic vision is becoming an
essential part of studies on the effects of aging on vision. It has been confirmed
that there is severe degradation in DVA performance with increasing age after
approximately the fourth decade of life [16—18]. Moreover, this age-dependent
decline in DVA is evident even when elderly participants are prescreened for
normal SVA. Population-based investigations have shown that deficiency in visual
function related to DVA could contribute to the difficulty in performing of
everyday tasks, such as walking [19] and driving [20]. Age-related cataract is a
major public health issue and is one of the principal causes of visual decline in the
elder [21]. However, the impacts of cataracts on dynamic vision in the elderly and
its postoperative rehabilitation have not yet been investigated systemically.

Here, we compared DVA between 26 age-related cataract patients and 30
elderly volunteers without cataract. The changes in DVA in the patient group
between the pre- and postoperative phases were also analyzed. The impact of age-
related cataract on DVA and its postoperative recovery were discussed intensively.
The method used to present a dynamic stimulus was displacement motion, during
which the stimulus (optotype) was projected onto a screen and changed its
position in the visual field over time [22]. The subjects observed the dynamic
optotypes, and DVA was recorded over a series of speed levels. Decreases in
velocity-dependent visual acuity were determined by the differences in DVA
among consecutive speed levels.
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Methods

Ethics statement

The research has been approved by Peking University Third Hospital Medicine
Ethics Committee and was conducted in accordance with the Declaration of
Helsinki. The approval number is IRB00006761-2012046. Written informed
consent was obtained from each participant, and the procedures of the entire
study were fully explained.

Participants

The sample size has been calculated by PASS software, version 2008 (NCSS, LLC,
Kaysville, UT, USA). Data of 10 cases in the patient group at the very beginning
were cited in the calculation. Details of these cases’ DVA performances were
provided in S1 Table. A paired design was employed (with significance level alpha
of 0.05 and power level of 90%) and suggested a minimum sample size of 21 cases.
The estimated sample size was 30 cases (about 150% of the minimum sample
size).

Thirty (about 150% of 21 cases) consecutive patients with age-related cataract
were recruited as the patient group, and finally 26 (12 men and 14 women)
patients (mean age: 70.65+1.10 [SEM] years old, range: 59-79) were included in
the study (1 patient postponed the cataract surgery, and 3 patients failed to
complete the postoperative follow-up). Details of demographic characteristics of
the patient group are listed in S1 Table. The cataracts were classified and graded
according to LOCS-III criteria [23] under slit-lamp examination. The grading
scores were 3.08 +0.10 for nuclear color (NC), 3.06 +0.10 for nuclear opalescence
(NO), 3.2140.14 for cortical opalescence (C), and 0.96 +0.20 for posterior
subcapsular opalescence (P), suggesting that cortical and nuclear cataract were the
main types of cataract in the current study. Subjects were recruited between July
2011 and May 2013 in the Department of Ophthalmology of Peking University
Third Hospital. Inclusion criteria included patients diagnosed of binocular age-
related cataract, who had been scheduled for bilateral cataract surgery, were in
good general health, had no ocular pathologic features, and experienced no
complications during surgery. Exclusion criteria included history of glaucoma or
corneal disease, previous ocular surgery or laser treatment, abnormal iris,
pupillary deformation, macular degeneration or retinopathy, neuro-ophthalmic
disease, and history of vestibular or cerebellar dysfunction. To avoid missing
values in data analysis, patients who could not discriminate the largest optotype at
any speed level of the DVA test were excluded from the study.

Thirty (14 men and 16 women) elderly volunteers (mean age: 67.97 +1.01
[SEM] years old, range: 60—-79) who came to our hospital for presbyopic
prescription were recruited as the control group. Details of demographic
characteristics of the control group are listed in S2 Table. Other than a crystalline
lens without cortical or posterior subcapsular opacity in the pupil area and graded
as no more than NO-2 or NC-2 by the LOCS-III criteria under slit-lamp
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examination, the inclusion and exclusion criteria were the same as in the patient
group. The control group was comparable to the patient group in terms of gender
composition (£*=0.001, p=0.969) and age level (=1.805, p=0.077).

Fifty-two eyes of the 26 patients underwent phacoemulsification combined with
intraocular lens implantation surgery. The patients were scheduled for clinical
evaluations before surgery and at 1 day, 1 week and 1 month after surgery.
Postoperative visual acuity was measured 1 month after the bilateral surgery. The
elderly volunteers underwent the tests for only one cycle. The subjects underwent
the following visual tests with best distance correction. Under uniform
regulations, the examinations were performed by rotating residents, who were
unaware of objective of the study. To ensure the reliability, a specific recording
paper has been designed. In the recording paper, procedures of the measurement
were described step by step including the optotype and speed level employed in
practice part, the sequence of speed levels in the formal test, how to input speed
value at every speed level, how to set the size of the optotype, the sequence of
optotypes at every speed level, cycles of every optotype moving on the screen and
method to record the results. There was a training for rotating residents
participating in the study. Before the formal test, every resident needed to pass a
certification exam.

Surgical procedures

All of the cataract surgeries were performed by one experienced surgeon, who
used identical methods for standard phacoemulsification with clear corneal
incision, and the spherical monofocal non-yellow-tinted intraocular lenses (IOLs,
MatrixAcrylic 401 IOL, Medennium) were inserted through a private injector and
cartridge into the capsular bag. The IOL has an overall diameter of 12.5 mm, an
optic diameter of 6.0 mm and a refractive index of 1.56. After surgery, the patients
were treated with a combination of levofloxacin (Gravit) eye drops and
prednisolone acetate (Pred Forte) ophthalmic suspension 4 times per day for 1
week, which were then gradually reduced. There were no intraoperative or
postoperative complications in any of the cases.

Static and dynamic visual acuity tests

Monocular and binocular SVA was measured with the logarithmic visual acuity
chart (Precision Vision, La Salle, IL, USA), the optotypes of which were H, O, T
and V, at a standard distance of 4 meters.

DVA was examined in a test room specifically designed for evaluating
functional vision, and the apparatuses used included a microcomputer running
Windows XP software and a projector (Sony, VPL-EX70, Jiangsu Province,
China). A custom-designed program was employed to generate dynamic
optotypes (the letters H, O, T and V), which were identical to the patterns of the
optotypes on the logarithmic visual acuity chart (Precision Vision). Orders were
entered using a keyboard to set the size and moving speed of the dynamic
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optotypes, which were separately projected onto a flat screen. The screen was 1
meter wide and 3 meters high, and it was made of a specific white curtain, which
was used for privacy when taking photographs. The subject was seated in front of
the screen at a standard distance of 4 meters, and the projector was adjusted to
keep the optotype at the eye level of the subject.

Because the purpose of the present study was to discuss functional vision,
binocular visual acuity was tested and then included in the following analysis.
Speed levels were settled to cover the velocity ranges frequently encountered in
15, 30, 60 and 90 degree per second (dps). The tests were performed in the order
of 90, 60, 30 and 15 dps to avoid the effects of learning. The moving optotype was
presented during three cycles for sufficiently long time to detect the optotype. A
uniform instruction was given before the test, and practice time was provided to
ensure that the subject understood them. In the formal test, there were 2-min
breaks between tests at different speeds. The results of the visual acuity tests were
recorded in logarithm of the minimum angle of resolution (LogMAR) units.

Statistical analysis

Statistical analysis was performed using SPSS software, version 16.0 (SPSS, Inc.,
Chicago, IL, USA). In accordance with previous research [21-23], the results are
expressed as means + standard errors of the means (SEMs). The normality of the
data distribution was checked by the Kolmogorov-Smirnoft-Lillefors test.
Pearson’s chi-square test was adopted to analyze the proportions of nominal
values. Data on visual acuity were analyzed by Wilcoxon’s signed-rank test. The
level of statistical significance was p<<0.05, and to compare DVA data, the value
was 0.017 for Bonferroni’s correction.

Results

1. Static visual acuity as a baseline for evaluation

Monocular static visual acuity (SVA) was recorded as a basic index. The
compatibility between the SVA of the right eye and of the left eye was analyzed. In
the control group, the 30 participants showed similar SVA between the 2 eyes
(0.0234+0.008 and 0.0344+0.012, p=0.317). There was no statistically significant
difference between the monocular SVA of the right eye and the left eye in the
patient group (0.485+0.070 and 0.359 +0.050, p=0.166). Postoperatively, the
monocular SVA of the right eye and the left eye remained comparable in the
patient group (0.021+0.010 and 0.011 +0.005, p=0.203).

The binocular SVA of the patient group was significantly worse than that of the
control group (0.194+0.044 compared to 0.006 +0.004, p<<0.001). After surgery,
the patient group exhibited far better binocular SVA (0.002 +0.002, p<<0.001),
which was similar to the control group (p=0.491).
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2. Effects of age-related cataract on DVA
DVA performance in the control group was 0.034+0.010 at 15 dps, 0.048 +0.011
at 30 dps, 0.105+0.016 at 60 dps and 0.142 +0.020 at 90 dps. The patient group
showed worse DVA performance than the control group at all four speed levels
(0.325+40.042 at 15 dps, 0.377+0.041 at 30 dps, 0.498 +0.040 at 60 dps and
0.545+0.037 at 90 dps, p<0.001; see Table 1 and Fig. 1A). DVA performance of
individual participants at specific speed levels is shown in S1 and S2 Tables.
Decreases in velocity-dependent visual acuity, expressed as the difference in
DVA between consecutive speed levels, were analyzed to evaluate the degree to
which the moving speed interfered with a subject’s visual resolution. In the
control group, DVA decline was 0.028 +-0.008 at the interval of 0-15 dps (the
static condition was treated as a speed level of 0 dps), 0.014 +0.006 at the interval
of 15-30 dps, 0.057 4+ 0.012 at the interval of 30-60 dps and 0.037+0.011 at the
interval of 60-90 dps. In the patient group, DVA decreases at these sequential
speed intervals were 0.132 4+ 0.026, 0.052+0.012, 0.122+0.017 and 0.047 +0.010,
respectively. The patient group experienced more significant velocity-dependent
DVA decreases than the control group (see Fig. 2A) at the intervals of 0—15 dps
(p<0.001), 15-30 dps (p=0.007) and 30-60 dps (p=0.008), whereas no
significant differences were detected when comparing the patient group and the
control group at the 60—90 dps interval (p=0.509).

3. Postoperative recovery of DVA
When the crystalline lens with cataract was replaced by a clear IOL, DVA
performance in the patient group (0.022+0.012 at 15 dps, 0.024+0.010 at
30 dps, 0.074+0.017 at 60 dps and 0.114+0.019 at 90 dps) was much better than
during the preoperative phase (p<<0.001, see Table 1 and Fig. 1B), and it
recovered to levels compatible with the control group (p;s qps=0.254, p3o
dps=0.098, Peo dps=0.139 and pgg qps=0.226; see Fig. 1C). Postoperative DVA
performance of individual patient at specific speed level is shown in S1 Table.
After bilateral cataract surgery, decreases in velocity-dependent visual acuity in
the patient group (0.020+0.011 at the interval of 0-15 dps, 0.002 4+ 0.006 at the
interval of 15-30 dps, 0.050+0.010 at the interval of 30-60 dps and 0.040+0.010
at the interval of 60-90 dps) were also gentler than during the preoperative phase
(Po-15 dps=0.001, P15-30 dps<<0.001 and pzp_eo dps=0.001; see Fig. 2B) and were
similar to those in the control group (po_i5 dps=0.326, P15-30 aps=0.221 and
P30-60 dps=0.802; see Fig. 2C). At the 60-90 dps interval, there were no significant
differences in visual decreases, between the pre- and postoperative phases
(p=0.625) or between the postoperative patient group and the control group
(p=0.953).

4. Postoperative visual improvement in terms of DVA
In the patient group, postoperative visual improvement at every speed level was
manifested by visual acuity changes between the preoperative phase and the
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Table 1. Binocular static visual acuity and dynamic visual acuity.

Groups SVA (logMAR) DVA (logMAR)
| wsaps  Jsoaps  Jeodes [0 |
Control group 0.006+0.004 0.034+0.010 0.048+0.011 0.105+0.016 0.143+0.020
Patient group-pre 0.194 +0.044 0.325+0.042" 0.377+0.041 0.498+0.040" 0.545+0.037"
Patient group-post 0.002+0.002% 0.022+0.012% 0.024+0.010% 0.074+0.017% 0.114+0.019%

Note. SVA, static visual acuity; DVA, dynamic visual acuity; logMAR, logarithm of the minimum angle of resolution; dps, degree per second; pre,
preoperative; post, postoperative.

Values are presented as means + standard errors of the means (SEMs).
*indicates statistical significance when comparing the control group and the patient group during the preoperative phase.
#indicates statistical significance when comparing the pre- and postoperative phases in the patient group.

doi:10.1371/journal.pone.0115812.t001

postoperative phase. The visual improvement in binocular SVA was 0.192 +0.044.
Improvements in DVA were 0.303 +0.044 at 15 dps, 0.353 +0.042 at 30 dps,
0.425+0.041 at 60 dps and 0.432 4 0.036 at 90 dps. The data suggested that, at all
of the speed levels, improvement in DVA was more pronounced than
improvement in SVA (p;s5 gps=0.001 and p<<0.001 at 30 dps, 60 dps and 90 dps;
see Fig. 3).

Discussion

Here, we introduced DVA as a functional parameter for evaluating motion
perception in patients with age-related cataracts. The results suggest that the
ability to distinguish the fine details of a moving target was intensively affected by
cataracts, and this visual interference became more obvious with the increase in
speed. Phacoemulsification combined with IOL implantation surgery could
restore dynamic vision in the elderly effectively. Postoperative visual benefits were
more significant in DVA than those manifested by SVA.
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Fig. 1. Effects of optotype speed on dynamic visual acuity (DVA). The resolution of dynamic optotypes in the control group and in the patient group was
adversely affected by increasing speed. During the preoperative phase, the patient group showed worse DVA performance than the control group at all the
four speed levels (p<<0.001) (A). Postoperatively, DVA performance in the patient group improved significantly (p<<0.001) (B) and recovered to levels
comparable to the control group (C). SVA was treated as visual acuity at 0 dps. Error bars depict standard errors of the means (SEMs). LogMAR, logarithm
of the minimum angle of resolution; dps, degree per second; pre, preoperative; post, postoperative.

doi:10.1371/journal.pone.0115812.9001
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Fig. 2. Comparison of decreases in velocity-dependent visual acuity. The patient group experienced more significant decreases in velocity-dependent
dynamic visual acuity (DVA) than the control group at the 0—15 dps (p<<0.001), 15-30 dps (p=0.007) and 30-60 dps (p=0.008) intervals (A).
Postoperatively, DVA decline in the patient group was gentler than that during preoperative phase (p=0.001) (B) and was similar to that of the control group
(C). The static condition was treated as a speed level of 0 dps. Error bars depict standard errors of the means (SEMs). LogMAR, logarithm of the minimum
angle of resolution; dps, degree per second; pre, preoperative; post, postoperative.

doi:10.1371/journal.pone.0115812.9002

We employed displacement motion to present dynamic optotypes, during
which the stimulus with constant elements changed position in the visual field
over time [22]. DVA in the control group exhibited a tendency toward a decrease
with increasing velocity. The overall pattern was generally consistent with
previously reported findings in normal subjects [1,6,22], implying the
compatibility of our equipment and procedures.

According to theories of dynamic vision, marginal artifacts of the retinal image,
which are named retinal smear, have been identified as the cause for decreases in
visual acuity with increasing target velocities [1,25]. With age-related cataract,
interaction with light includes occlusive effects and scattering effects, which result
in a blurred image on the retina. Retinal smear of a blurred image is much more
serious than that of a sharp image [1], and it might explain the significant impact
of cataract on DVA. In addition, we believe that serious retinal smear can be

o
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Fig. 3. Comparison of postoperative visual benefit between static and dynamic setting. Postoperative
improvement in dynamic visual acuity (DVA) at every speed level was more statistically significant than the
improvement of binocular static visual acuity (SVA) (p=0.001). The static condition was treated as a speed
level of O dps. Error bars represent standard errors of the mean values (SEMs). LogMAR, logarithm of the
minimum angle of resolution; dps, degree per second.

doi:10.1371/journal.pone.0115812.g003
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treated as background interference to the target awaiting resolution. Studies on
aging of vision have confirmed that elderly people are less able to extract visual
information in the presence of background interference [26, 27]. Therefore, when
subjected to dynamic optotypes, DVA performance in the patient group was more
obviously disturbed. Investigators have already noted the discrepancy between
results of traditional visual tests and functional visual tests that more closely
resemble real-world visual targets [28]. Because dynamic targets are the optotypes
that patients need to face and observe in their daily activities, DVA might be a
meaningful adjunct to the current evaluation system for functional vision related
to senile cataract, and it could become a promising indicator to differentiating
patients from normal subjects.

Optical factors have been recognized as one of the reasons for the deterioration
of dynamic vision in elderly people [26,27,29,30]. After cataract surgery, the
optical characteristics of elderly eyes have been effectively restored. Then, the
image on the retina becomes sharper and clearer, resulting in fewer artifacts
during movement. Thus, improvement in dynamic visual function is a
combination of refined refractive quality, less retinal smear and the elimination of
background interference. Additionally, when tracking dynamic targets, the motor
system of the eye would evoke saccadic suppression and saccadic omission to
avoid excessive perception of blurred images [31,32]. These suppressions and
omissions cause decreases in visual sensitivity to dynamic targets [1]. We expected
that the refined retinal image after cataract surgery would induce less saccadic
suppression and saccadic omission and thus affect the motor system of the eye
positively. DVA has been conceptualized as a parameter that encompasses the
optical, sensory, and motor components of the visual system [5, 6]. Therefore, it
could detect enhancement of visual function resulting from cataract surgery more
effectively. Moreover, dynamic vision was related more directly to the visual status
in daily life; therefore, significant improvement in DVA implied a more profound
experience of recovered vision than that reflected by traditional tests. A
combination of dynamic and static visual evaluations might be an optimal
method for assessing postoperative visual outcomes after cataract surgery.

In conclusion, our study provides preliminary evidence to suggest that dynamic
visual acuity is an essential supplement to functional vision before and after
cataract surgery. DVA might become a promising indicator for its sensitivity in
recognizing patients with age-related cataract and manifesting postoperative
visual benefits. Limitations of this study include the small sample size, the lack of
analysis on the impact of different classifications of cataract on DVA and whether
monocular or binocular surgery has an effect on postoperative recovery of
dynamic vision. These factors might limit the validity and generalizability of the
results. The relationship between DVA and subjective visual quality also needs to
be analyzed in future studies. Observations on the ability to resolve dynamic
targets against backgrounds simulating daily life could be designed to determine
visual rehabilitation in a more practical context.
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Supporting Information

S1 Table. Demographic characteristics and binocular visual acuity of the
patient group.

doi:10.1371/journal.pone.0115812.s001 (DOC)

S2 Table. Demographic characteristics and binocular visual acuity of the
control group.
doi:10.1371/journal.pone.0115812.s002 (DOC)
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