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Background: To use meta-analysis to evaluate the clinical effect of modified phacoemulsification in the
treatment of high myopia with cataract.

Methods: The English language databases of PubMed, Web of Science, and Embase, and Chinese language
databases China National Knowledge Infrastructure (CNKI) and Wanfang were searched for relevant
studies published from January 2010 to May 2021. The participants were divided into 2 groups according
to different treatment methods; the control group mainly used traditional phacoemulsification, while the
treatment group used modified phacoemulsification. The differences in the postoperative complication rate,
visual acuity recovery rate at 1 month after surgery, and corneal endothelial cell count at 1 and 3 months
after surgery were analyzed.

Results: A total of 12 articles were included. The results of comparison confirmed that the treatment
group was superior to the control group in the postoperative complication rate, visual acuity recovery rate at
1 month after surgery, and corneal endothelial cell count at 1 and 3 months after surgery.

Discussion: Both treatment methods are effective, but modified phacoemulsification has greater advantages
in reducing the damage of corneal endothelial cells and postoperative complications and in improving patient
prognosis. Additionally, modified phacoemulsification in the treatment of high myopia with cataract can
achieve better visual acuity recovery than traditional phacoemulsification, suggesting a high value for clinical

application.
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Introduction high myopia is the main cause of blindness (2). High myopia
Myopia is common in daily life, can be corrected with is characterized by axial length elongation and stretching

glasses, contact lenses, and refractive surgery, and is of the posterior eye wall. It also causes a variety of specific

therefore considered a benign disease (1). However, if complications, including cataract, chorioretinal atrophy,
myopia cannot be completely corrected, it is the leading and macular hole with or without retinal detachment,
hidden cause of visual impairment. In Europe and East Asia, myopic foveoschisis, or optic nerve head changes. The
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majority of these complications are damaging to vision,
usually resulting in irreversible retinal photoreceptor
impairment and consequently central vision loss (3). In
some people with high myopia, myopia-associated cataract
is the most common cause of irreversible blindness. Pan
et al. demonstrated an association between myopia and
nuclear and posterior subcapsular cataracts (4). Additionally,
a direct link between high myopia and cataract has been
found, especially with nuclear (a 3-to-5-fold increase in risk)
and posterior capsular cataract (a 30% increase in risk) (5).
Current clinical treatment for high myopia with cataract
includes drug therapy, surgery, and alternative therapies.
However, current clinical reports have shown that their
efficacy is unsatisfactory (6). There is therefore an urgent
need to find or establish a new treatment.

Compared with conventional extracapsular cataract
extraction (ECCE) or intracapsular cataract extraction
(ICCE), phacoemulsification is effective and less risky in
the treatment of high myopia with cataract. However, it has
been reported that within 10 years after phacoemulsification,
the incidence of pseudophakic retinal detachment (PPRD)
is between 0.36-2.9%, and although the number decreases
by 0.1-0.2% per year, it remains a source of concern (7).
The risk of PPRD is about 10 times that of rhegmatogenous
retinal detachment (RRD) in the general population due to
factors including intraoperative vitreous loss, increasing axial
length, and increasing age (8). Modified phacoemulsification
has been introduced with the aim of improving the efficacy
of phacoemulsification and avoiding its adverse effects. In
relevant clinical reports, modified phacoemulsification has
shown safety and efficacy in the treatment of high myopia
with cataract (9,10); but there is no consensus on this topic,
and many studies have not yet comprehensively evaluated
its effectiveness and safety. Therefore, by collecting recently
published studies, we systematically reviewed and analyzed
the clinical efficacy of modified phacoemulsification in the
treatment of high myopia with cataract, thus providing a
reference for the clinical treatment and prognosis evaluation
of this condition. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://dx.doi.org/10.21037/apm-21-2215).

Methods
Literature search method

The databases of PubMed, Web of Science, Embase, China
National Knowledge Infrastructure (CNKI), and Wanfang
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were searched for relevant English and Chinese studies
published from January 2010 to May 2021. The search
terms used were as follows: “Modified phacoemulsification”
and “High myopia” and “Cataract”.

Inclusion criteria

(I) Participants: patients who met the diagnostic criteria
for high myopia with cataract. (II) Grouping: in the
control group, traditional phacoemulsification was mainly
used. Specifically, the lens nucleus was fragmented using
the chopping method, followed by the suction of the
fragments; the lamellar scleral incision was expanded to
5.5 mm, followed by rigid intraocular lens implantation.
In the treatment group, modified phacoemulsification was
mainly used. Specifically, with a 3.00 mm corneal incision
in the upper left corner of the affected side and an auxiliary
incision in the upper right corner of the limbus, a circular
capsulorhexis was performed; the energy, flow rate, and
maximum negative pressure of the ultrasonic phacoemulsifier
were adjusted for nucleus chopping; the incision was then
expanded according to the different characteristics of the
residual hard nucleus to remove it; the cortex was aspirated,
and an intraocular lens was implanted. (III) Outcome
measures: at least including any of the postoperative
complication rate, visual acuity recovery rate 1 month after
surgery, and preoperative corneal endothelial cell count
before surgery, 1 month after surgery, and 3 months after
surgery. (IV) Design: randomized controlled trials.

Exclusion criteria

(I) Studies in which the data required for this meta-analysis
were not provided, unable to be obtained, and the original
text was unavailable; (II) literatures with poor quality,
missing data, and duplicate literatures; (III) non-cataract
related literatures, case reports, systematic reviews, and
animal experiments.

Data extraction

Literature screening was completed by 2 investigators
independently according to screening criteria. Specifically,
the investigators excluded studies by reading titles, abstracts,
and even full text, and the corresponding materials were
cross-checked to finally determine the literature included in
this study.

The following data were extracted from the studies: first
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Figure 1 Literature screening process.

author, year of publication, study location, study design,
main outcome measures, number of cases and controls,
study duration, adjusted confounders, and multivariable
adjusted odds ratio (OR) with 95% confidence intervals
(CI). During data extraction, disagreements between the
2 investigators were resolved by referring to the original
literature and subsequent discussion with each other.

Statistical analysis

The software Review Manager 5.3 (RevMan, Copenhagen:
The Nordic Cochrane Center, The Cochrane
Collaboration, 2014) was utilized for statistical analysis, and
dichotomous variables were compared using weighted mean
difference (WMD) and OR, respectively. Assessment of
heterogeneity was completed using Q test and I’ statistic. In
the case of significant heterogeneity (I’>50%), the random
effects model was adopted; otherwise, the fixed effects
model was employed. Sensitivity analysis and publication
bias assessment were also performed in this study using
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> Insufficient data (n=6)
Not cataract patients (n=3)

Stata 16.0 (StataCorp., College station, TX, USA).

Results
Literature screening results

Initially, a total of 140 relevant articles were obtained
according to the search terms, and then 90 duplicate articles
were excluded. A further 29 articles were excluded on
account of irrelevance after reading their titles/abstracts.
There were 6 articles with missing data, and 3 studies
unrelated to high myopia with high myopia that were also
excluded. Finally, 12 articles that met the inclusion criteria
were included in this meta-analysis (11-22). The screening
process and results are presented in Figure I, and their basic
characteristics are shown in 7ible 1.

Postoperative complications and visual acuity recovery
1 montb after surgery

A total of 10 articles reported the postoperative complication
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Table 1 Basic characteristics of the included articles
Study Year Sample time T:;er‘t Eyes Roe e Sender (P Nuclgar Stu.d y Outcome
Treat/Con Treat/Con  Tyeat Con Treat Con OPacity design measures
Ming Jia 2013 2011.10-2012.04 80/78 90/88 61.1+4.3 58.4+4.4 42/38 40/38 n-v RCT a,b,c,d, e
Ronghua Chen 2014 2012.11-2013.11  50/50 67/54 63.4+3.8 63.4+3.8 NP NP n-v RCT a,b,c,d,e
Bingbing Feng 2014 2011.08-2013.12  65/73 75/75 61.9+11.2 62.1+10.9 35/30 40/33 n-v RCT a,b,c,d e
Jianghong Feng 2017 2013.11-2016.11  79/79  120/120 60.3+x1.4 60.3+1.5 48/31 49/30 n-v RCT a,b,d
Chao Yang 2018 2016.03-2017.12  52/52 75/69 60.5+5.3 59.7+5.6 30/22 29/23 NP RCT a,b,de
Dongmei Li 2017 2013.05-2016.05 28/28 48/38 60.4+8.8 61.5+7.8 15/13 14/14 n-v RCT a,b,de
Mingbing Zeng 2020 2012.01-2016.12 130/134 130/134 68.7+10.5 68.9+10.1 63/67 65/69 V-V RCT a d
Kongsap Pipat 2019 2016.05-2017.03  21/21 21/21  62.3x4.0 68.6+x1.9 7/14 8/13 I-v RCT b,c,d e
Yi Liu 2017 2010.06-2016.06  50/50 53/55 62.4+2.7 61.4+3.4 26/24 28/22 n-v RCT a,b,c,d e
Jingxu Zhang 2020 2017.06-2019.06  52/52 62/62 61.3£10.3 61.2+£10.3 26/26 27/25 n-v RCT a,b,d e
Xiaorong Zhang 2019 2017.01-2018.01  50/50 50/50 60.3+5.2 60.9+5.6 28/22 25/25 NP RCT a,b,d e
Chunwei Zhou 2021 2016.03-2018.05  15/15 30/30 59.2+3.3 58.1+3.5  8/7 9/6 NP RCT c,de

a, postoperative complications rate; b, visual acuity recovery rate 1 month after surgery; c, preoperative corneal endothelial cell count; d,
corneal endothelial cell count at 1 month postoperatively; e, corneal endothelial cell count at 3 months postoperatively. Treat, treatment
group; Con, control group; M, male; FM, female; NP, not reported; RCT, randomized controlled trial.

rate in the 2 groups. No significant heterogeneity was
identified among the studies (I’=0.00%, P=0.824), so the
fixed effects model was used for analysis. The result showed
a lower postoperative complication rate in the treatment
group compared with the control group (OR =0.13, 95% CI:
0.09 to 0.19) (Figure 2A4).

A total of 10 articles compared the visual acuity recovery
1 month after surgery between the 2 groups. No significant
heterogeneity was identified among the studies (I’=0.00%,
P=0.991), so the fixed effects model was used for analysis.
The results revealed that the visual acuity recovery
1 month after surgery in the treatment group was superior
to that in the control group (OR =0.45, 95% CI: 0.25 to
0.80) (Figure 2B).

Further, the funnel plots were mostly symmetrical,
suggesting a small possibility of publication bias in
the included articles (Figure 34,3B). Then, in order to
determine the sensitivity of meta-analysis results, sensitivity
analysis was performed by removing included articles one
by one. The results showed that the pooled effect size was
still of statistical significance, and there were no significant
changes in the direction of forest plots before and after
removal (Figure 44,4B).
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Corneal endothelial cell count at different stages in the
2 groups

A total of 6 articles compared preoperative corneal
endothelial cell count. No significant heterogeneity was
identified among the studies (I’=0.00%, P=0.987), so
the fixed effects model was used for analysis. The result
showed no significant difference in the preoperative corneal
endothelial cell count between the two groups (OR =0.01,
95% CI: -0.14 to 0.16) (Figure 5A), suggesting that this
index was comparable.

A total of 12 articles compared corneal endothelial cell
counts 1 month after surgery. No significant heterogeneity
was identified among the studies (I’=7.30%, P=0.373), so
the fixed effects model was used for meta-analysis. The
result showed that at 1 month after surgery, the number
of corneal endothelial cells in the treatment group was
significantly higher than that in the control group (OR
=0.68, 95% CI: 0.58 to 0.78) (Figure 5B).

A total of 10 articles compared corneal endothelial cell
counts 3 months after surgery. No significant heterogeneity
was identified among the studies (I’=34.8%, P=0.129), so
the fixed effects model was used for meta-analysis. The
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Figure 2 Forest plots between the 2 groups. (A) Postoperative complications. (B) Visual acuity recovery 1 month after surgery.
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Figure 3 Funnel plots between the 2 groups. (A) Postoperative complications. (B) Visual acuity recovery 1 month after surgery.
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Figure 4 Sensitivity analysis between the 2 groups. (A) Postoperative complications. (B) Visual acuity recovery 1 month after surgery.

result showed that at 3 months after surgery, the number
of corneal endothelial cells in the treatment group was
significantly higher than that in the control group (OR
=0.65, 95% CI: 0.53 to 0.77) (Figure 5C).

Further, the funnel plots were mostly symmetrical,
suggesting a small possibility of publication bias in
the included articles (Figure 6A4,6B). Then, in order to
determine the sensitivity of meta-analysis results, sensitivity
analysis was performed by removing included articles one
by one. The results showed that the pooled effect size was
still of statistical significance, and there were no significant
changes in the direction of forest plots before and after
removal (Figure 7A-7C).

Discussion

Retinal detachment after cataract surgery is a prevalent

© Annals of Palliative Medicine. All rights reserved.

complication, with 0.93% incidence in the general
population and 2.2% in high myopia patients (23). Thus,
it can be seen that cataract surgery in patients with high
myopia is complicated. Some studies have reported that
the prevalence of myopia in contemporary young people
is as high as 83%, which is higher than that of the elderly
by about 30%. This result indicates that in the near future,
due to intergenerational effects, the prevalence of myopia
will increase significantly in people over 45 years old and
consequently increase the number of high myopia patients,
as well as high myopia with cataract (24). In clinical practice,
phacoemulsification with an intraocular lens has achieved
many results, but more problems have been exposed with the
increasing number of applications. Specifically, traditional
phacoemulsification for cataract patients clinically increases
the risk of PPRD in the early postoperative period, and
reduces the time of PPRD from 31 to 10 months in patients

Ann Palliat Med 2021;10(10):10556-10566 | https://dx.doi.org/10.21037/apm-21-2215
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Figure 6 Funnel plots of corneal endothelial cell count in the 2 groups. (A) 1 month after surgery, (B) 3 months after surgery.
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Figure 7 Sensitivity analysis of the 2 groups. (A) Corneal endothelial cell count before surgery, (B) 1 month after surgery, (C) 3 months after
surgery.
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with capsular rupture (6). Therefore, researchers have
established a modified phacoemulsification, but this method
is still in the experimental stage and has not been recognized.
In this study, 12 articles that met the inclusion criteria were
collected; we found that the modified phacoemulsification
had better therapeutic effect and reduced the incidence
rate of postoperative complications. In a study by Tang
et al., compared with conventional surgery, the modified
phacoemulsification (with lower ultrasound energy) and
intraocular lens implantation was shown to better improve
visual acuity and effectively reduce corneal edema and
anterior chamber inflammation (25). Collectively, the
modified phacoemulsification is safer and more effective.

A cataract is defined as an opacification of the lens, which
can be divided into 2 types: secondary or secondary disease
(such as diabetes), and primary eye diseases (uveitis, acute
angle-closure) (26). Over time, cataracts cause blurred
vision, halos and glare, and ultimately blindness. Traditional
phacoemulsification is the most common cataract surgery
in the world, which can break the lens into small fragments
by ultrasound and then suck them out from the anterior
chamber through the phacoemulsification tip (27). However,
cataract surgery, like any other surgical method, carries
the risk of infection and bleeding, which easily causes
endophthalmitis and posterior capsule opacification (28).
By contrast, modified phacoemulsification has shown
good advantages here. In a clinical trial of 31 patients with
cataract after vitrectomy, Yu ez /. found that the modified
phacoemulsification technique combined with anterior
chamber phacoemulsification is a safe and effective treatment
for cataract after vitrectomy; this method improved ocular
inflammation, intraocular pressure and other conditions,
and achieved best-corrected visual acuity (BCVA) (29).
Chen ez al. evaluated phacoemulsification combined with
internal tamponade as a safe and minimally invasive method
for cyclodialysis cleft repair and cataract treatment (30).
The results of this meta-analysis showed that the modified
phacoemulsification could effectively improve the corneal
endothelial cell count of patients at different stages, reduce
postoperative complications, and improve visual acuity.
Collectively, this surgical method is safe and effective, and is
worthy of clinical application.

Conclusions

In summary, this meta-analysis highlighted that compared
with traditional phacoemulsification, the modified
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phacoemulsification is safer and more effective in the
treatment of high myopia with cataract. However, due to
the limitation of the number and quality of included studies,
the above conclusions still need to be verified via more

high-quality studies.
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