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Abstract

Purpose: To compare the results of combined and consecutive surgeries to treat proliferative diabetic retinopathy and
cataract.

Methods: Retrospective comparative study. Forty-one patients with proliferative diabetic retinopathy (PDR) were enrolled.
Twenty-nine eyes for the combined surgery group and twelve eyes for the sequential group were included. All surgeries
were performed by one surgeon. Phacoemulsification was performed using a clear cornea incision. The vitrectomy was
performed using a 20-gauge vitreous cutter.

Results: The best corrected visual acuity (BCVA) and intra- and post-operative complications were the main outcome
measures. In the combined surgery group, the BCVA increased in 18 (62.1%) eyes, while eight (27.6%) eyes remained stable
and three (10.3%) eyes decreased. Postoperative complications included fibrinous exudation in nine eyes, macular edema in
three eyes and vitreous hemorrhage in three eyes. In the sequential surgery group, the BCVA increased in seven (58.3%)
eyes, remained the same in four (33.3%) eyes and was reduced in one (8.3%) eye. Postoperative complications included
macular edema in two eyes, neovascular glaucoma in two eyes and vitreous hemorrhage in one eye.

Conclusions: Both combined and sequential surgeries are safe and effective for treating PDR and cataracts. The combined
surgery had a higher incidence of fibrinous exudation.
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Introduction

Vitrectomy has been widely used to treat proliferative diabetic

retinopathy (PDR). The most common complication of pars plana

vitrectomy (PPV) is the nuclear sclerosis cataract, which is reported

in 75%–95% of cases within two years of surgery [1,2,3]. Age, pre-

existing nuclear sclerosis and intra-operative use of silicone oil and

gas are the risk factors for cataract formation [4]. Many diabetic

patients also have different degrees of cataract before vitrectomy.

Whether to remove the crystalline lens during vitreous surgery

of diabetic patients is controversial. Cataract surgery after

vitrectomy is technically demanding, due to the loss of vitreous

support and posterior capsule weakness [5]. Moreover, removal of

the lens ensures better visualization of anterior vitreous structures

and the retina. Therefore, combined vitrectomy and phacoemul-

sification surgery eliminates the inconvenience of a second surgery

and shortens the mean recovery time [6]. Nevertheless, an

increased incidence of postoperative anterior segment neovascu-

larization after the combined surgery was reported in some studies

[7,8]. While many surgeons believed that the crystalline lens

provided a barrier that had protective effects on the anterior

segment and retina, with the improvement of surgical instrumen-

tation and use of intraoperative laser photocoagulation, surgeons

have started to remove the lens in combination with PPV, and

there are several reports of the safety of this combined technique in

the treatment of PDR [4,6,9,10].

However, no study has made a direct comparison between the

combined and sequential surgery for diabetic retinopathy

performed by one surgeon. The purpose of this research was to

compare the complications and visual acuity outcomes of the

combined and sequential surgery.

Methods

The study was approved by the Research Ethics Committee of

the Fourth Military Medicine University (Xi’an, China). The data

were analyzed anonymously. All participants were informed about

possible complications and provided written informed consent

prior to surgery.

The medical records of 29 patients who underwent vitrectomy

combined with phacoemulsification and 12 patients with phaco-

emulsification subsequent to vitrectomy were retrospectively

reviewed. Combined surgeries were carried out between January

2008 and March 2011. In the sequential surgery group, vitrectomy
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was performed between January 2007 and December 2010. All

surgeries were performed by the same surgeon (Dr. Y.H.), who is

experienced in both vitreous and phacoemulsification surgeries.

The median age of patients was 63 years (ranging from 52 to 71

years) in the combined surgery group, and 55 years (ranging from

45 to 67 years) in the sequential surgery group. In the two groups,

slightly more than half the patients were male [combined: 16

(55.2%), sequential: 7 (58.3%)]. The followed up time of all

patients was more than six months. In the sequential group, the

median interval between the two surgeries (vitrectomy and

phacoemulsification) was nine months.

Study inclusion criteria were vitreous hemorrhage (VH) and

fiber proliferation. Patients with extensive macular traction,

rubeosis iridis, neovascular glaucoma and advanced tractional

retinal detachment were excluded. All patients underwent

combined or sequential surgeries under local anesthesia. The

indication for combined surgery was judged by the surgeon, based

on the degree of cataract and difficulty of obtaining good

visualization during the surgery. Phacoemulsification was per-

formed using a clear cornea incision (3.2 mm), and a foldable

acrylic intraocular lens was implanted in the capsular bag. A

standard three-port pars plana vitrectomy was performed using a

20-gauge vitreous cutter (Megatron, Germany). In the combined

group, phacoemulsification was carried out before the vitreoretinal

procedure. The mean surgical time was 88 minutes. In the

sequential group, the mean operation time was 55 minutes for

vitrectomy and 18 minutes for phacoemulsification. Mean follow-

up time was 13 months (ranging from 6 to 36 months).All patients

provided written consent before surgery after discussing the

benefits and risks of the procedure.

We recorded the following data: patient age, gender, diabetes

duration, HbA1c, degree of vitreoretinal pathology, preoperative

and postoperative visual acuity and intraoperative and postoper-

ative complications. Intraoperative complications included dislo-

cation of the IOL, posterior capsule tears, and anterior chamber

hemorrhage. Postoperative complications comprised fibrinous

exudation in the anterior chamber, formation of posterior

synechia, silicone oil prolapse in the anterior chamber, and

endophthalmitis.

Statistical analysis of postoperative complications and final

visual acuity was performed using Fisher’s exact probability test. P
value,0.05 was considered to be statistically significant.

Results

The demographic data are shown in Table 1. Most factors were

similar between the two groups, including sex, diabetes duration,

glycosylated hemoglobin, Indications and BCVA. We acknowl-

edge that for the patients’ benefit we selected cases with more

severe cataracts for combined surgery, which resulted in an age

difference between the two groups. The mean follow up time of

the combined surgery and sequential surgery groups was 12.9 and

14.3 months, respectively. In the sequential surgery group, all eyes

showed progression of cataract after surgery. Cataract extraction

was performed on average nine months after the vitrectomy

surgery. The preoperative best corrected visual acuity (BCVA)

ranged from 0.1 to perception of light in both groups. The

postoperative BCVA ranged from 0.5 to hand movement in the

combined group, and 0.4 to perception of light in the sequential

surgery group.

The statistical analyses of endotamponades, endolaser, cryo-

coagulation and TA injection in vitrectomy are shown in Table 2.

The percentages of the various operations were similar in the two

groups.

In the combined group, 18 (62.1%) eyes had a BCVA

improvement of two or more lines, eight (27.6%) eyes remained

the same and three (10.3%) eyes decreased. In the sequential

surgery group, seven (58.3%) eyes had vision improvement of two

or more lines, four (33.3%) eyes remained unchanged, and one

(8.3%) eyes decreased. There was no statistically significant

difference between the two groups (Table 3).

The postoperative complications are described in Table 4.

Complications occurred in 15 of 29 patients (51.7%) in the

combined surgery group and 4 of 12 patients (33.3%) in the

sequential surgery group (P.0.05). Fibrinous exudation was the

most common complication, which was found in nine eyes in the

combined surgery group and in no eyes in the sequential group.

The incidence rate was significantly higher (P,0.05) in the

combined surgery group. Macular edema was detected in three

eyes in the combined surgery group and two eyes in the sequential

surgery group. Postoperative recurrent vitreous hemorrhage was

found in three eyes from the combined surgery group and in one

eye from the sequential surgery group. Cystoid macular edema

was found in one patient in the combined group, while an intra-

operative posterior capsular tear was found in one eye of the

sequential group. Other complications included neovascular

glaucoma (NVG) in one eye in each of the combined and

sequential groups, prepupillary membrane in one eye of the

combined group, retina detachment in one eye of the combined

group and posterior capsule opacification in one eye in each of the

combined and sequential groups. There was no significant

difference in these surgical complications between the two groups

(P.0.05). No endophthalmitis occurred in either group.

Discussion

In this study we found no significant difference between the two

groups in visual acuity improvement after surgery. In both groups

more than half of the patients exhibited a BCVA improvement

over two lines. This result is similar to a previous study by Rivas et
al. [4].

A statistically higher percentage was found in the combined

surgery group of cases showing fibrinous exudation in the anterior

chamber. And yet it was interesting that the macular edema rates

did not. The different rates of fibrinous exudation in the two

groups may be due to the longer operation time, lack of red reflex

and the difficulty of circular capsulorhexis in the combined

surgery. Moreover, to ensure the patients’ benefit we selected cases

with more severe cataracts for combined surgery. This may also

increase the difficulty and operation time of the cataract surgery,

leading to a higher rate of fibrinous exudation in the combined

group. Finally, as shown in Table 2, a trend of more intra-vitreous

TA injection during the operation may also contributed to

reducing the macular edema rates in the combined group.

However, previous authors reported different results in the ratio

between the combined and sequential surgery groups [4], which

may be due to the smaller number of cases included in both

studies. As such, future studies involving larger numbers of cases

are expected to determine more exactly the difference between the

two surgical techniques.

Neovascular glaucoma occurred with a similar frequency in

both groups of this study, and was medically controlled with

topical anti-glaucomatous drugs. Only one patient required

filtrating surgery in the consecutive surgery group. This compli-

cation was described in the literature as being associated with the

combined procedure [11]. While previous studies noted that the

incidence of anterior segment neovascularization was likely to

increase after cataract operation in eyes with PDR [12,13,14], we
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observed no significant difference between the two groups in this

study, which may be attributable to the development and

improvement of modern vitreoretinal surgical techniques and

intraocular endophotocoagulation [15,16,17]. In this study,

endophotocoagulation was performed intraoperatively, which

could reduce the incidence of postoperative neovascular glaucoma.

Advances in systemic diabetes control may also facilitate the lower

incidence of neovascular glaucoma [18]. Another theory suggests

that an increase in vascular permeability factors, including

vascular endothelial growth factor and interleukin-6, promote

the development of neovascular glaucoma [19,20]. Complete

removal of the vitreous that contains internal growth factors may

contribute to the decrease in the incidence of postoperative iris and

angle neovascularization. Some researchers found a significantly

higher incidence of postoperative recurrent VH and iris NV in the

vitrectomy alone surgery group compared to the combined

surgery group, which indicates that combined procedures in

diabetic patients may be a better alternative to separate

procedures or taking no action [21]. Differences in other post-

operative complications such as macular edema, prepupillary

membrane, opacification posterior capsule tear and retina

detachment were not significant.

In our series, all phakic eyes showed some degree of nuclear

sclerosis progression after surgery. The diabetic eye is more

vulnerable to surgical trauma and thus consecutive surgeries can

be difficult and technologically demanding. The loss of vitreous

Table 1. Patient demographic data.

Combined group N = 29 Consecutive group N = 12

Age(years) 63 (52–71) 55 (45–67)

Sex (male) 16 (55.2%) 7 (58.3%)

Diabetes duration(years) 6.964.3 5.863.6

HbA1c (%) 8.2461.5 7.3561.2

Indications

Retinal detachment 18 7

Vitreous hemorrhage 11 5

BCVA

pre-operation 0.1- PL 0.1-PL

post-operation 0.5-HM 0.4-PL

HbA1c: Glycosylated hemoglobin; BCVA: Best corrected visual acuity; PL: Perception of light; HM: Hand movement.
doi:10.1371/journal.pone.0108933.t001

Table 2. Endotamponades and other procedures in vitrectomy.

Combined group N = 29 Consecutive group N = 12 P

Endotamponades

C3F8 gas 5 3 0.568

Silicone oil 8 4 0.713

BSS 16 5 0.431

Endolaser 7 4 0.545

Cryocoagulation 4 2 0.813

Endolaser and cryocoagulation 4 1 0.627

TA injection 7 1 0.245

TA: Triamcinolone acetonide.
doi:10.1371/journal.pone.0108933.t002

Table 3. Best corrected visual acuity.

BCVA Combined group N = 29 Consecutive group N = 12 P

Improved$2 lines 18 (62.1%) 7 (58.3%) 0.823

Within 2 lines 8 (27.6%) 4 (33.3%) 0.712

Decreased$2 lines 3 (10.3%) 1 (8.3%) 0.843

BCVA: Best corrected visual acuity.
doi:10.1371/journal.pone.0108933.t003
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support can also result in increased occurrence of deepened

anterior chamber, fragile zonule, flaccid posterior capsule, and

increased rupture percentage [5].

Combined surgery shows many advantages for the therapy of

diabetic retinopathy. Lens removal ensures better visualization of

anterior vitreous structures and simplifies adequate peeling of the

epiretinal membrane. In addition, if small retinal tears appear,

they can be easily found and treated. Moreover, sufficient pan-

retinal photocoagulation can be performed to decrease the

formation of retina and iris neovascularization. Combined surgery

also offers convenience for the patient and reduced costs,

especially for patients from rural areas as they need only travel

to the hospital for a single surgery. The combined surgery can

diminish overall surgical costs as seen from a comparison of costs

for the surgical procedures in both groups. In the sequential group,

the cost for vitrectomy and phacoemulsification was 2,740 and

1,970 Chinese Yuan, respectively, and the total cost was about

15,300 Yuan. In the combined surgery group, the cost for the

combined surgical procedures was 4,710 Yuan and the mean total

cost was about 12,600 Yuan. However, it should be noted that this

cost analysis does not consider indirect costs, including items such

as follow-up visits and transportation.

In this study the mean recovery time of patients in the combined

group was nine months shorter than that of the consecutive group,

possibly because of cataract progression after vitreous surgery.

This result was similar to a report by Muselier et al., which showed

a shorter recovery time for the combined surgery group in terms of

visual acuity improvement after surgery for macular holes [22].

However, there are some disadvantages of the combined

surgery such as increased surgical time, absence or reduction of

the red reflex, increasing risk of surgical wound dehiscence, intra-

operation myosis and bleeding of anterior structures. Moreover,

cataract surgery may also worsen diabetic retinopathy in diabetic

patients [23]. A longer duration of surgical intervention, a

temporary elevation of intraocular pressure (IOP), a greater

intensity of post-operative inflammation and a higher prevalence

of cystoid macular edema have been reported in diabetic eyes [4],

although in this study postoperative cystoid macular edema was

found in only one patient in the combined group.

The present study is a single-surgeon study, in which the

surgeries were performed by one surgeon using the same surgical

approaches to lens management and vitrectomy surgery. We

acknowledge that there may be limitations in our study. Here,

indications for combined surgery were judged by the surgeon. For

the patients’ benefit, we selected cases with more severe cataract

for combined surgery, which resulted in an age difference between

the two groups. The retrospective and non-randomized nature of

this study may thus weaken the conclusions. And because of the

small sample size of this research, the results may have its

limitations. Therefore, prospective randomized studies with larger

numbers of patients should be performed in the future.

In this study we also want to look at all phakic patients who

underwent surgery for PDR and then compare those who

underwent initial ppv vs. those who underwent initial ppv/

cataract extraction. However, because our hospital is a compre-

hensive tertiary hospital and PPV do not carry out in most primary

hospitals, many patients who underwent PPV in our hospital were

out-of-town. In the western region in China, the economic

condition of many patients is poor. For the patients’ convenience

and economic reasons, some patients of other provinces who did

not need cataract surgery after PPV were followed in local

hospitals. And some patients gave up treatment for economic or

other unknown reasons. So the complete data of these patients was

difficult to collect. According to our observations, most patients

followed in our hospital needed to undergo cataract surgery after

PPV.

In conclusion, both combined surgery and consecutive surgery

are safe and effective for the treatment of PDR and cataract. The

visual outcomes of combined surgeries were similar to that of

consecutive surgeries in this study. However, combined surgery

has many advantages, such as faster visual recovery, which will

reduce the patients’ course of disease and reduce the total cost. As

combined surgery offers significant convenience and cost savings,

it can be performed on more patients with PDR and cataract.
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