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ABSTRACT

Introduction: Pars plana vitrectomy (PPV) is
considered to be an essential and effective sur-
gical approach for the management of compli-
cations of diabetic retinopathy. Given the high
rate of accelerated cataract progression after
PPV, PPV combined with cataract surgery
appears to be an attractive treatment option for
patients with diabetes. However, this combined
surgical approach remains controversial in
terms of effectiveness and safety. We have
therefore conducted a meta-analysis to evaluate
the treatment outcome of PPV with or without
cataract surgery.
Methods: A systematic search of three elec-
tronic databases (PubMed, Web of Science, and

the Cochrane Library) was performed to iden-
tify relevant articles, using the key words ‘‘pars
plana vitrectomy,’’ ‘‘cataract,’’ and ‘‘diabetic
retinopathy.’’ Main outcome measures included
the final visual acuity and postoperative com-
plications. The incidence of postoperative
complications was pooled using odds ratio (OR)
with 95% confidence intervals in a random
effect model.
Results: Ultimately, one randomized con-
trolled trial (RCT) and four high-quality retro-
spective studies met the inclusion criteria and
were included in the meta-analysis. In four of
these studies, final visual acuity did not vary
significantly between patients undergoing PPV
alone and those undergoing PPV combined
with cataract surgery (combined surgery). Only
one study reported better visual improvement
in the combined treatment group. Our analysis
also showed that most phakic eyes after PPV
had cataract progression with varying degrees.
In addition, patients receiving PPV alone had a
lower risk of neovascular glaucoma (OR 0.36; P
\0.05), iris synechias to anterior capsule (OR
0.36; P \0.05), and iris rubeosis (OR 0.26; P
\0.05) compared with those receiving com-
bined surgery.
Conclusion: Overall, our findings show that
PPV combined with cataract surgery achieved
good outcomes without a substantial increased
risk to visual acuity or most complications.
Given the high rates of cataract progression
after PPV, combined surgery may be the more
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appropriate treatment for patients with diabetes
and coexistent visually significant cataract.

Keywords: Cataract; Diabetic retinopathy;
Meta-analysis; Vitrectomy

INTRODUCTION

Diabetic retinopathy is the most common
microvascular complication of diabetes and is
also the leading cause of blindness in patients
with diabetes [1]. Pars plana vitrectomy (PPV)
has been the most widely performed oph-
thalmic procedure since its inception in the
early 1970s and is considered to be an essential
and effective procedure for the management of
complications of diabetic retinopathy [2].

Cataract is also believed to be a major cause
of blindness globally [3]. A higher incidence of
senile cataract is commonly observed in
patients with diabetes [4] and, additionally,
accelerated cataract progression is the most
common complication in phakic eyes receiving
vitrectomy [5, 6]. Hence, the management of
the lens in diabetic eyes undergoing vitrectomy
has long been a source of controversy. Conse-
quently, there is interest in determining the
effectiveness and safety of PPV combined with
cataract surgery (combined surgery) for the
management of diabetic retinopathy in patients
with diabetes.

Initially, many concerns were voiced about a
higher risk for the progression of diabetic
retinopathy following cataract extraction, with
the lens being regarded as a protective barrier to
reduce the risk of anterior segment neovascu-
larization [7–9]. Hence, many surgeons attempt
to spare the lens during vitrectomy. However,
additional surgical challenges for cataract sur-
gery appear after vitrectomy owing to the deep
anterior chambers, zonular dehiscence, and
increased inflammation of the affected eye
[10–12]. Moreover, there have been remarkable
advances in surgical techniques, instrumenta-
tion, and experience, and recent studies have
shown good surgical and functional outcomes
in patients receiving PPV combined with catar-
act surgery [13–15]. In this context, combined

surgery may be a more advisable option for
patients with diabetes.

To date, it has not been well established
whether PPV combined with cataract surgery
would contribute to better clinical outcomes
compared with PPV alone. Thus, we conducted
a meta-analysis to evaluate the treatment out-
come of PPV with or without cataract surgery.

METHODS

Search Strategy

The review is reported in accordance with the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
[16]. We conducted a systematic search of the
websites PubMed, Web of Science, and the
Cochrane Library to identify relevant available
articles published up to April 2019. The search
terms used were ‘‘pars plana vitrectomy,’’ ‘‘cat-
aract,’’ and ‘‘diabetic retinopathy.’’ The lan-
guage was restricted to English. We also
reviewed reference lists from retrieved articles in
an attempt to identify other potentially relevant
studies.

Inclusion Criteria

The inclusion criteria were: (1) randomized
controlled trials (RCTs) or high-quality com-
parative studies; (2) studies that compared the
therapeutic effects of PPV alone versus PPV
combined with cataract surgery in patients with
diabetes; and (3) all studies that contained
adequate informative data, such as postopera-
tive complications and final visual acuity. A
noncomparative, single-arm study that was
identified during the systematic search was not
included in the meta-analysis, nor were case
reports, abstracts, reviews, and reports with
incomplete data. If different publications based
on the same study subjects were available, the
most recent one was included.
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Data Extraction

For each study, the following data were inde-
pendently extracted by two reviewers: name of
the first author, year of publication, location of
the study, study design, origin of the study,
number of eyes, mean age, lens status, and
indications for surgery. Data on treatment out-
comes in terms of postoperative complications
and final visual acuity were also extracted. Any
disagreement was resolved through discussion
by the two reviewers.

Qualitative Assessment

The quality of the one RCT identified as rele-
vant to the study was assessed according to the
Cochrane Collaboration’s tool [17]. We care-
fully assessed the following characteristics for
biases: random sequence generation (selection
bias), allocation concealment (selection bias),
blinding of participants and personnel (perfor-
mance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (at-
trition bias), selective reporting (reporting bias),
and other factors that contribute to biases. In
addition, the modified Newcastle–Ottawa Scale
(NOS) was used to perform the quality assess-
ment of retrospective studies [18]; this scale
consists of three parts, namely, patient selec-
tion, outcome assessment, and comparability.

Statistical Analyses

Statistical analyses were performed using the
Cochrane Review Manager (RevMan, version
5.2) software. An odds ratio (OR) with corre-
sponding 95% confidence interval (CI) was used
to evaluate the incidence of postoperative
complications in a random effects model, and
P\ 0.05 was considered to be statistically sig-
nificant. The between-study heterogeneity was
tested using the Chi-square test and the I2

statistic, whereby I2[ 50% was taken to indi-
cate substantial heterogeneity among studies.
Sensitivity analyses were also conducted, and
the influence of a single study on the pooled
effect was examined by removing one study at a

time, which is referred to as the leave-one-
study-out method.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

RESULTS

Search Outcomes

The selection process for the inclusion of stud-
ies in this meta-analysis is summarized in Fig. 1.
A total of 535 studies that were potentially rel-
evant were identified by the electronic search of
the three databases. After excluding duplicate
studies, we retrieved 502 articles, of which we
screened the titles and abstracts, consequently
identifying 14 studies for further assessment
and a full-text review. Among these 14 articles,
three were excluded due to providing insuffi-
cient data and six were excluded because they
did not directly compare PPV without cataract
surgery to PPV combined with cataract surgery.
Ultimately, five studies [19–23] met the inclu-
sion criteria and were included in the meta-
analysis.

Fig. 1 Flow diagram of study selection
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Characteristics of the Studies

Among the five studies included in the meta-
analysis, one was conducted in Taiwan, two
were conducted in Korea, and two were con-
ducted in the USA. Of these, one was an RCT,
one was a prospective study, and three were
retrospective studies. In total, data from 747
eyes were available for the meta-analysis. A total
of 325 and 422 eyes underwent PPV alone and
PPV combined with cataract surgery, respec-
tively. Detailed characteristics of the included
studies are shown in Table 1.

Visual Outcomes

Compared with visual acuity at baseline, postop-
erative visual acuity improved in both the PPV
group and PPV combined with cataract group in
all studies. In four of the studies, no statistically
significant final vision improvement was
observed between the two groups. Only one study
showed that more eyes in the combined group
achieved a better vision improvement, compared
with those in the PPV alone group [23].

Cataract Progression

Among the five studies included in this meta-
analysis, three articles reported cataract pro-
gression within the PPV group. One study
reported that 64% of phakic eyes had cataract
progression, of which 39% required subsequent
cataract surgery within the 4-year follow-up
period [22]. In another study, of the 21 phakic
eyes, 13 remained clear, six had minor opacities,
and the remaining two had major cataracts [21].
In addition, Tseng et al.’s study reported that 20
of 26 eyes whose lens were clear at baseline
developed nuclear or posterior subcapsular cat-
aracts after PPV, and almost all eyes with cat-
aracts in the PPV alone group showed the
progression of cataract after surgery [23].

Complications

All studies examined the occurrence of any
adverse events (change in intraocular pressure,

anterior segment complications, and posterior
segment complications) within the PPV alone
group and PPV combined with cataract surgery
group (Fig. 2). Three studies [21–23] reported
the occurrence of neovascular glaucoma
(NVG), and the pooled estimate showed a
lower risk in the PPV alone group than in the
PPV combined with cataract surgery group (OR
0.36, 95% CI 0.13–0.97; P\ 0.05). One study
[21] also provided data on the rates of iris
rubeosis, with the authors reporting that the
risk of this condition was significantly lower in
the PPV alone group than in the PPV combined
with cataract surgery group (OR 0.26, 95% CI
0.08–0.88; P \ 0.05). The complication of iris
synechias to anterior capsule was reported in
only one study [20], with the incidence being
lower in the PPV alone group than in the PPV
combined with cataract surgery group (OR
0.17, 95% CI 0.03–0.85; P \ 0.05). In addition,
there were no significant differences between
the two groups in terms of the risk of other
complications (P[ 0.05).

Sensitivity Analysis

In this meta-analysis, statistical heterogeneity
was found in terms of ocular hypertension
(P = 0.007, I2 = 71%) and vitreous hemorrhage
(VH) (P = 0.07, I2 = 63%). For the occurrence of
ocular hypertension, the sensitivity analysis
found that Blankenship’s study [21] was the
likely source of heterogeneity. After excluding
Blankenship’s study [21], the pooled OR was
0.88 (95% CI 0.40–1.94), with no evidence of
heterogeneity (P = 0.18, I2 = 39%). The sensi-
tivity analysis also found that the heterogeneity
of VH was dependent on the inclusion of Tseng
et al.’s study [23]. When this study was excluded
from the meta-analysis, the pooled OR was 0.94
(95% CI 0.34–2.61), with no evidence of
heterogeneity (P = 0.99, I2 = 0%). In addition,
the results of the leave-one-out analysis showed
that none of exclusions altered the results of the
previous analyses, indicating the good reliabil-
ity and stability of the results of this meta-
analysis.
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DISCUSSION

In the present study we investigated the effect
of combining cataract surgery with PPV on
patients’ visual outcome. We found that
patients receiving PPV combined with cataract
surgery had similar visual outcomes as those
receiving PPV alone, without any higher inci-
dence of most postoperative complications. In
addition, accelerated cataract development was
observed in most phakic eyes receiving PPV.
Hence, for patients with diabetes with signifi-
cant cataract, PPV combined with cataract sur-
gery would be a safe procedure and may achieve
more satisfactory results.

Vitrectomy is highly successful in achieving
visual rehabilitation in patients with diabetic
retinopathy [24, 25]. In our meta-analysis, sim-
ilar vision improvement was observed in both
the PPV alone and PPV combined with cataract
surgery groups. Only one study reported a better
visual outcome in the combined group, com-
pared with the PPV alone group [23]. It should
be noted that in this study, there were more
cases with more significant cataract in the PPV
combined with cataract surgery group, and this
tendency may give more room for better vision
improvement owing to the lens extraction. In
addition, one study reported that the final
visual outcomes did not differ substantially by
different primary indications [22].

Cataract formation remains the most com-
mon complication of PPV in phakic eyes [26].
Similar to previous reports, our study showed
that most of the phakic eyes in the PPV along
group had cataract progression to some degree
after vitreoretinal surgery. Possible reasons for
cataract formation after PPV include altered
lens permeability after gel removal, intraopera-
tive oxidation of lens proteins, and altered

metabolic characterization of aqueous humor
[27, 28].

Postoperative hypotony is considered to be a
common occurrence after vitrectomy [29, 30]. It
is also believed that combined cataract and PPV
treatment has a higher risk of hypotony since
the removal of vitreous is usually more com-
plete. In our study, there was no significant
difference in the incidence of hypotony
between the PPV alone group and the PPV
combined with cataract surgery group. It has
been proposed that combined surgery might
lead to an increase in ciliary body thickness and
a decrease in the angle opening, which would
transiently increase the intraocular pressure
(IOP) [20]. However, although combined sur-
gery is associated with a higher risk of IOP ele-
vation, the rate of the IOP spike has been found
not be differ between patients receiving PPV
alone and those receiving PPV combined with
cataract surgery. Therefore, combined surgery
may be safe in terms of maintenance of a
stable postoperative IOP.

The initial rationale for lens-sparing diabetic
vitrectomy was the apparent lower rate of
anterior segment neovascularization. Early
studies found that the incidence of iris rubeosis
was higher in eyes undergoing PPV combined
with cataract surgery than in those undergoing
PPV alone [5, 7]. However, the advent of pos-
terior segment visualization and the develop-
ment of more refined surgical techniques,
especially intraoperative laser photocoagula-
tion, have played a major role in reducing this
severe complication. In recent studies, the
incidence of postoperative iris neovasculariza-
tion was found to be relatively rare and did not
differ between the vitrectomy alone group and
the PPV combined with cataract surgery group
[31, 32].

NVG is one of the most severe postoperative
complications of PPV. Our study showed that
the incidence of NVG was higher in the PPV
combined with cataract surgery group than in
the PPV alone group. It has been reported that
the post-PPV aphakia is an independent risk
factor for NVG [15, 33]. The lens is regarded as a
protective barrier that reduces the diffusion of
angiogenic factors from the posterior segment.
Preoperative neovascularization of the angle,

bFig. 2 Forest plots showing the rates of postoperative
complications between the pars plana vitrectomy alone
group (PPV group) and the PPV combined with cataract
surgery group (Combined group). Odds ratio was calcu-
lated in a random effects model. CI Confidence interval,
M-H Mantel-Haenszel
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inadequate panretinal photocoagulation (PRP),
and severe postoperative inflammation are also
considered to be potential risk factors [34, 35].
Overall, for PPV combined with cataract sur-
gery, it is recommended that surgeons be cau-
tious in their evaluation of the retina and
provide adequate PRP if there is an indication of
active proliferative diabetic retinopathy or
neovascularization, and patients should be reg-
ularly followed up for development of NVG.

Over the years, the anatomic and visual
outcomes and postoperative complication rates
have been generally unaffected by the lens sta-
tus of the eye as a result of remarkable advances
in surgical techniques, instrumentation, and
experience. Given the accelerated cataract for-
mation associated with vitrectomy, as well as
the additional anesthetic risk for future cataract
surgery, combined surgery may be more
appropriate for patients with diabetes. Never-
theless, when considering the combined surgery
approach, surgeons should pay attention to
possible postoperative inflammation and com-
plications which may arise due to the longer
surgical time. With these findings in mind, the
vitreoretinal surgeon should feel comfort-
able optimizing treatment strategy.

Our meta-analysis has a number of limita-
tions. First, very few trials have been published
on this issue—with only one RCT identified—
which may have affected the results to some
extent. Hence, further well-designed studies
with large samples are needed to substantiate
the present results. Second, some studies inclu-
ded in the meta-analysis were relatively dated,
and the relatively old-fashioned surgical meth-
ods and strategies reported in these studies may
have increased the risk of postoperative com-
plications—although the sensitivity analysis
pointed to a good reliability and stability of the
results of this meta-analysis. Third, the results
evaluating NVG and VH showed large
heterogeneity.

CONCLUSION

In conclusion, this meta-analysis compared the
therapeutic effect of PPV with or without cat-
aract surgery. Our study showed that there was

no significant difference between the two
treatment groups in terms of final visual
improvement and most postoperative compli-
cations. Given the high rates of cataract pro-
gression and the additional challenge of
cataract surgery after vitrectomy, the PPV com-
bined with cataract surgery approach may be
safe and more appropriate for patients with
significant cataract and coexisting vitreoretinal
diseases. Large randomized and prospective
studies are required to refine our conclusions
and evaluate the long-term effect of the PPV
combined with cataract surgery approach in
patients with diabetes.
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